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THE ROTATION PERIOD OF THE SUN AS DETERMINED FROM 
THE MOTIONS OF THE CALCIUM FLOCCULI. 


The rotation period of the Sun has been determined by three independent 
methods: (1) from measurements of the motions of the spots in longitude; 
(2) from measurements of the motions of the facule in longitude; and (3) 
from spectroscopic measurements of the motion in the line of sight of the 
approaching and receding limbs. The first series of monochromatic photo- 
graphs of the Sun, made with the spectroheliograph of the Kenwood Observa- 
tory in the years 1892-94, has provided material for a new determination of 
the rotation period, based upon the motions in longitude of the calcium 
flocculi. Through a grant from the Carnegie Institution it became possible 
to undertake the measurement of these plates at the Yerkes Observatory. 
The results of this investigation are contained in the present paper. 


THE KENWOOD SPECTROHELIOGRAPH. 

The spectroheliograph employed in the present investigation is shown in 
plate 1, attached to the eye-end of the Kenwood refractor of 12 inches 
(30.5 cm.) aperture and 18 feet (5.49 m.) focal length. It consisted of a 
large grating spectroscope, with collimator and camera of 3.25 inches (8.4 
cm.) aperture and 42.5 inches (108 cm.) focal length, inclined to each other 
at an angle of 25°. The collimator and camera objectives were corrected 
for the K line. A 4-inch (10 cm.) Rowland plane grating, having 14,438 - 
lines to the inch (5,684 lines to the cm.), stood at the intersection of the 
collimator and camera axes. The spectroheliograph was provided with two 
movable slits, one at the focus of the collimator (in the focal plane for 
K light of the Kenwood refractor), the other in the focus of the camera lens. 
Both slits, which were 3.25 inches (8.4 cm.) in length, were adjustable in 
width by means of micrometer screws. They were attached to carriages 
mounted on steel balls, movable across the axes of the tubes, at right angles 
to the spectral lines. A photographic plate-holder was supported just beyond 
the camera slit and, after drawing the slide, the plate-holder could be pushed 
forward by means of a cam until the surface of the plate almost touched the 
jaws of the slit. A small go° reflecting prism was attached to the slit carriage 
on the side toward the grating, and by a suitable combination of lenses a 
portion of the spectrum could be viewed without disturbing the plate-holder. 
This was not used in practice, the K line (in the fourth-order spectrum) 
being brought on to the slit by observing lines in the green of the overlapping 
third order with a low-power, positive eye-piece. The motive power was 
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supplied by a specially designed clepsydra, mounted within the braced frame 
of the spectroscope. It consisted ot a brass cylinder of 3 inches (7.6 cm.) ' 
bore and 6 inches (15.2 cm.) stroke, supplied with a three-way valve, per- 
mitting the liquid to flow in at one end of the cylinder and out at the other. 
The piston had a cup-shaped leather packing, and the phosphor-bronze 
piston-rod passed through a stuffing-box in the upper head. At the end of 
the rod a system of bell-crank levers was attached, which conveyed the 
motion to the slit at the focus of the camera objective. An extension of the 
piston-rod passed through a guide in the upper frame of the spectroscope, 
and connected with the first slit by another lever system. It will be seen 
that when the piston was set in motion, the two slits would move simul- 
taneously, and in opposite directions, the first slit across the solar image, the 
camera slit, containing the K line, across the photographic plate. Water 
pressure was supplied to the clepsydra from a tank, in which the pressure 
was kept constant by means of an automatic pump. In winter, alcohol or 
glycerin was mixed with the water to prevent freezing. 

This spectroheliograph, though it gave satisfactory photographs of the 
prominences and flocculi, had one important disadvantage: the distortion of 
the image resulting from the motion of the slits. 

In the equation for the plane reflection grating 


A= (sin 6 + sin w) 


6=angle of diffraction, 
w = angle of incidence, 
4 = wave-length of line observed, 
m = order of spectruin employed, 
= distance between adjacent lines of grating. 
Then 


sing ="* + F sino 


Differentiating, we have 


_- COS w dw 
== cose 5 : 5 : . : ° (1) 


a being a constant for a given line.’ 
In the case of the Kenwood Observatory spectroheliograph, when used in 
photographing an image of the Sun 51 mm. in diameter, we have 
6 (maximum) = 14° 36’ 6 (minimum) = 13° 42’ 
» (maximum) = 40° 54’ » (minimum) = 38° 42’ 
dw = 51 mm. 
*For a more complete description of this spectroheliograph, in its original form, see 


Astronomy and Astro-Physics, May, 1892, p. 407. 
?See Young, Amer. Jour. Sci., November, 188o. 
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Substituting in (1), we find dd = 39.8 mm. That is, the diameter of the 
photographed solar image which is parallel to the length of the spectrum will 
be reduced by the distortion from 51 mm. to 39.8 mm. The diameter parallel 
to the lines of the spectrum will of course remain undistorted. This result, 
however, is only approximate, as the distortion for equal values of dw 
increases from one side of the image to the other. Thus if we make 
dw = 1 mm., and calculate the values of d6 for one side, the center and the 
other side of the solar image, we obtain the respective values 


dé = 0.78 mm. (for maximum value of 6) 
dé = 0.79 mm. (for mean value of 0) 
dé = 0.80 mm. (for minimum value of 6) 


In measuring photographs distorted in this way the necessary correction 
for a point at a given distance from the Sun’s limb might be taken from a 
table, readily constructed for a given position of the Sun’s image with respect 
to the axis of the collimator. To define this position, means were provided 

for making the solar image concentric with the axis of the collimator. Care 

was always taken to orient the image so that the distorted axis should be 
parallel to the solar equator in the photograph. For this purpose the whole 
instrument could be rotated about the axis of the collimator, the direction of 
the slit being read off on a position circle. The parallel lines on the photo- 
graph (due to dust on the slit, which can not be altogether avoided in any 
form of spectroheliograph when the slit is narrow) were made to serve a 
useful purpose in the orientation of the image. 

After a considerable number of distorted photographs had been taken with 
the instrument, a simple device was attached for the purpose of making the 
images practically circular in form. This consisted of a lever arm which 
moved the photographic plate, during the exposure, in a direction opposite 
to that of the motion of the second slit, and through a distance equal to the 
difference between the major and minor axes of the distorted image. It will 
be observed that this correction, though not perfect, is very nearly so. The 
modified instrument yielded photographs which were very nearly circular 
in form.’ 

The Kenwood spectroheliograph and all the optical parts of the Kenwood 

‘refractor were constructed by Brashear, whose valuable services and cordial 
cooperation greatly facilitated the investigations of the Observatory. Warner 
& Swasey also gave much useful assistance, in addition to their work of 
constructing the telescope mounting and dome. 

During the years 1892-94 there were obtained with the Kenwood spectro- 
heliograph 2,295 photographs of the Sun showing the calcium flocculi. In 
1,408 of these photographs the image was elliptical (or approximately so) 


3A mechanical device for copying distorted photographs, in such a way as to obtain 
a circular image, was also constructed at the Kenwood Observatory. 
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in form. These were obtained before the device for correcting the distortion 
of the image had been applied to the spectroheliograph. By means of the 
apparatus devised for the purpose, these negatives might have been copied 
in such a way as to give circular images, in which case they would have been 
available for the present investigation. But in view of the much greater 
excellence of the photographs which were being obtained with the 40-inch 
Yerkes Observatory telescope, when the present reduction of the Kenwood 
plates was undertaken, it was decided to confine the work to the measurement 
of the circular images, 887 of which were available. Mention has not yet 
been made of the slight distortion of the Sun’s image, caused by the curvature 
of the spectrum lines in the Kenwood spectroheliograph.* Since the motion 
of the photographic plate, which served to transform the elliptical image into 
a nearly circular one, did not also furnish the means of correcting for the 
curvature of the slit, precautions had to be taken, while making the photo- 
graphs, to eliminate the effect of this curvature. For this reason, the plates 
were made in two series, in one of which the slits were made parallel to the 
Sun’s axis, while in the other they were placed in a position angle 90° from 
this. For the present investigation the plates of the first series were 
employed, since the displacement (due to curvature) of the flocculi in longi- 
tude would be, in this case, only a second-order effect, too smali to be 
appreciable in photographs no sharper than those available. In order to 
avoid errors in the identification of the flocculi measured, no attempt was 
made to employ plates separated by two or more cloudy days. The best plate, 
corresponding to each day in a series of two or more clear days, was selected 
for measurement. In this way the number of plates to be measured was 
reduced to 138, covering the period 1893 July 31 to 1894 September 20. 


* Radius of curvature = about 1 m. 


12” lens 


Fic. 1. PLAN AND ELEVATION OF THE GLOBE MEAsuRING MaAcutI 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 5 


METHOD OF MEASUREMENT. 


Two causes made it undesirable to adopt the ordinary method of measure- 
ment in the reduction of these photographs. In the first place, the high 
degree of precision attainable in measuring very sharp direct photographs of 
the Sun, such as those comprised in the Greenwich series, is out of reach in 
the case of photographs taken with such an instrument as the Kenwood 
spectroheliograph. In the second place, the measurement and reduction by 
the ordinary process of the numerous positions required would have been a 
larger task than could be undertaken in the intervals of work with the 
Rumford spectroheliograph. Accordingly a new method of measurement 
was devised by Mr. Hale, which is at once exceedingly rapid in execution 
and, at the same time, sufficiently precise for the immediate object in view.” 

The photographs are projected by means of the light of an electric arc 
lamp upon a globe accurately ruled with a series of meridians and parallels. 
The details of the arrangement are described below. The greater part of the 
apparatus was constructed in the instrument shop of the Yerkes Observatory 
(see fig. 1). References to this apparatus will be used as follows: 


A = Arc lamp, fed by clock-work so as to keep the arc at a fixed point. 

C = Condensing lens, 10 inches (25.4 cm.) in diameter. 

P = Plate-holder, which carries the solar negative. 

L = 12-inch (30.5 cm.) objective of 18 feet (5.49 m.) focal length, 
which forms an image of the photograph upon the globe, G. 

M = Plane mirror inserted in the path of the rays, to secure the neces- 
sary distance of the globe from the lens, in the limited space 
available. The globe must subtend an angle of 32’ as seen 
from the lens. 


THE GLOBE. 


The globe is of cast-iron, accurately turned 
to form a sphere 9.53 inches (24.21 cm.) in 
diameter. It was enameled white to receive the 
ruling, and afterwards reworked to a spherical 
form. In order to rule the parallels of latitude, 
centers were drilled at points corresponding to 
the north and south poles, and the globe was 
mounted in a Brown & Sharpe milling machine, 
between the spindle and the overhanging arm. 
A support for a ruling-pen was clamped to 
the spiral head, the pen resting on the globe. 
The position of the equator was determined by 


112" Plane mirror 


°For an improved form of globe-measuring machine (the Heliomicrometer), capable 
of giving results of the highest precision, see Contributions from the Solar Observa- 
tory, No. 16; Astrophysical Journal, June, 1907. 
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careful measurement and ruled by rotating the globe. The support carrying 
the pen was then moved through 1° by means of the index plate, and the 
parallel was drawn by again rotating the globe. After the parallels to 60° 
north and south had been ruled in this way, those at 5°, 10°, 15°, etc., were 
slightly strengthened; the parallels marking the 10° zones, viz.: 10°, 20°, 
30°, etc., were still further strengthened to facilitate the readings. 

To rule the meridians, the globe was mounted on the cross-table of the 
milling machine, with the centers again at the poles, and was clamped to the 
spiral head, so that it might be rotated through any desired angle by means 
of the index plate. The pen was mounted on an arm, permitting it to be 
moved in a great circle from pole to pole. The first line ruled, which we 
shall subsequently call the central meridian, was carefully located midway 
between the centers on which the globe was ultimately to rest. These had 
been drilled at points on the globe exactly 90° from the poles. Hence, this 
axis passes through the globe as a diameter in the equatorial plane. After 
the principal meridian had been ruled, by moving the pen from pole to pole, 
the other meridians were successively ruled at 1° intervals, accurately 
determined by means of the index plate. As in the case of the parallels of 
latitude, the meridians marking the multiples of 5° in longitude were strength- 
ened, and those at 10°, 20°, 30°, etc., were made still heavier. 

The ruled globe was mounted as shown in plate 2. When supported in 
this way, any motion of rotation, producing a change in the inclination of 
the globe’s axis, corresponds to a change in the inclination of the Sun’s axis 
with reference to the ecliptic. With the aid of an index moving over a 
divided arc, the globe may be set so that the heliographic latitude of the 
center of the globe corresponds to that of the Sun’s center on the day when 
the photograph to be measured was taken. 

The globe and support can be moved on rails toward or from the pro- 
jecting lens, so that the varying diameter of the solar image, at different 
seasons, can be made to correspond with the diameter of the globe. The 
entire apparatus rests on a strong shelf, supported on brackets from a brick 
wall in the basement of the Yerkes Observatory. 


PLATE-HOLDER. 


The plate-holder, fig. 2, is provided with spring clips for holding the plate 
firmly in position. The disk which carries the plate may be rotated in a plane 
perpendicular to the beam of light, the orientation of the plate being read on 
a divided arc. The Kenwood spectroheliograph could be rotated so that the 
motion of the slits in the instrument was parallel to the Sun’s axis for the 
date on which the photograph was made. With this adjustment of the 
instrument, which was always made for plates of the first series, a line drawn 
upon the plate by a needle crossing the first slit may always be taken to 
correspond with the direction of the Sun’s axis. By clamping the plate in 
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the holder, so that the line corresponds with the zero of the scale, the position- 
angle of the Sun’s axis is accounted for.’ The plate-holder is mounted in a 
fixed position on a shelf just behind and above the globe, and has no motion 
in the direction of the beam. Two motions are provided for centering the 
image on the globe. The east and west setting is accomplished by moving 
the plate-holder toward or away from the wall, while the north and south 
motion is produced by raising or lowering the plate-holder in its supporting 
frame by means of a double wedge. The centering of the image is done on 
a fixed screen, mounted in front of the globe, as shown in plate 2. The 
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position of the plate-holder is such that it may be adjusted by the operator 
while he is observing the globe, thus rendering the centering a simple 
matter. The operation of mounting the plate in the plate-holder, the setting 
of the globe and the orientation of the image, occupies from 5 to 10 minutes. 


PROJECTING LENS. 


The lens L, which is used to form an image of the plate on the globe, is a 
12-inch (30.5 cm.) photographic objective, of 18 feet (5.49 m.) focal length, 
which was formerly used with the Kenwood telescope. The position of the 


*The Rumford spectroheliograph can not be’ rotated; but the dust-lines show the 
direction of the plate’s motion (north and south). In measuring photographs made 
with this instrument, the plates are clamped with the dust-lines parallel to the zero 
line on the disk, after which the disk is rotated through an angle equal to the position- 
angle of the Sun’s axis, for the day on which the plate was taken. 


8 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


lens, between the plate-holder and the globe, is necessarily dependent upon 
the position of the globe itself. Since the globe must be moved to correspond 
with the change in diameter of the solar image, the lens is correspondingly 
moved by an amount such as to retain the plate and globe in the conjugate 
foci of the lens. 

Theoretically, the angular diameter of the globe, as seen from the lens, 
should be the same as the angular diameter of the Sun as seen from the 
Earth.’ This would place the globe at a distance of about 84.26 feet 
(25.68 m.) from the projecting lens. Since the diameter of the image on the 
Kenwood plates is 2 inches (50.8 mm.), when the angular diameter of the 
Sun is 32’, the lens should have a focal length of about 14.84 feet (4.51 m.), 
in order that the projected image may correspond in diameter with the globe. 
No lens of this focal length, and of sufficiently large aperture, was available, 
and accordingly the 12-inch objective was employed. As the distance of the 
globe from this lens was 103.8 feet (31.64 m.), a small error enters into the 
measurements. In the triangle, Sun’s center, flocculus, Earth, we have intro- 
duced an error in the angle at the Earth usually designated s’ or p’. 

This angle s’ enters into the solution of the solar triangle, pole, flocculus, 
center of the disk, as a correction in the arc, flocculus, center of the disk, 
usually called s or p, and at the limb, has its maximum value of 16’. In our 
case s,’ is smaller, having a maximum value of 13.1’. That is, every point 
would appear to be slightly shifted toward the center of the globe. Even in 
the case of the maximum difference the error is inappreciable. In order to 
avoid the errors always incident to measures of objects lying near the limb 
in solar photographs, the measures of the present series of plates have been 
confined to regions lying within 45° of the central meridian. On account of 
the rarity of occurrence of large flocculi in high heliographic latitudes, it was 
unnecessary to set a limit in the direction north and south. In the extreme 
cases, where the measured position is 45° east or west of the central meridian, 
and 45° north or south, the difference between the true s’ and our erroneous 
value is s’ — s,’ = 2.4’. Had this difference been appreciable, it might have 
been eliminated for the region in which the measures are confined by slightly 
enlarging the circle on the screen in front of the globe, with which the image 
is always made to coincide. 


ARC AND CONDENSING LENS. 


The arc and condensing lens are inclosed in a small room, in order that the 
general illumination on the globe may be minimized. As already remarked, 
the arc is of the focusing type, with inclined carbons. The condenser is a 
plano-convex lens, Io inches in diameter. 


"The theory of the globe-measuring machine will be published in a subsequent paper. 
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THE RULED GLOBE WITH PHOTOGRAPH OF FLOCCULI PROJECTED UPON IT. 
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ADJUSTMENTS. 
The principal adjustments are as follows: 


(1) The plate should be normal to the line joining center of globe and center of 
plate. 

(2) The 12-inch projecting lens should be collimated in this line. 

(3) The rails on which the globe slides should be parallel to this line. 

(4) The axis of the globe must be adjusted in azimuth (perpendicular to the line of 
collimation) and leveled so that a straight perpendicular line on the plate 
can, in projection, be made to coincide with the central meridian. 

(5) When the globe is so adjusted, through rotation on its axis, that a horizontal line 
on the plate, in projection on the globe, coincides with the equator, the index 
which gives the inclination of the Sun’s axis must read zero. 


PROCESS OF MEASUREMENT. 


The operations to be carried out in measuring a plate are as follows: The 
plate is mounted in the plate-holder, so that the line parallel to the solar axis 
corresponds approximately with the zero of the scale. The arc is started, 
and the accurate adjustment for position-angle is made by rotating the plate 
until the projected line coincides with the central meridian of the globe. The 
axis of the globe is then inclined so as to make the heliographic latitude of 
the center of the disk correspond with that of the center of the Sun’s disk 
on the day in question. The image is then centered in the circle on the 
screen, the globe is moved until the image falls exactly within the circle, and 
the projecting lens is moved, if necessary, to preserve the focus. In measur- 
ing the flocculi the image is received upon a small white card, from which 
it is dropped upon the globe by rapidly moving the card aside. As the card 
is free from the lines ruled on the globe, the image can be seen upon it to 
better advantage. The positions of the points in heliographic latitude and 
longitude from the central meridian are read off directly, by estimation, to 
the nearest tenth of a degree. 

The identification of points to be measured requires much care, in view of 
the complexity of the changes of form of the flocculi. Prints from the 
original negatives were made on “ Velox” paper, and all measured points 
were carefully marked. By comparison of the prints, the points can be 
followed from day to day, thus assuring certain identification. The flocculi 
change in form rather rapidly, but a number of points were followed for four, 
five, and six days. Of the 1,213 points measured, 647 correspond to inter- 
vals of one day; 331, to two days; 137, to three days; 65, to four days; 26, 
to five days; and 7, to six days. The positions of all points were estimated 
to a tenth of a degree. 


10 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


SOURCES OF ERROR. 

In considering the many sources of error that may affect our results, the 
character of the photographs must always be borne in mind. The small size 
of the solar image; the lack of sharpness of the flocculi; and their rapid 
changes of form, making identification of points for measurement very diffi- 
cult, all tend to reduce the accuracy of the results. As compared with such 
investigations as those of Stratonoff on the motion of the faculz, however, 
we have two important advantages which reduce, if they do not completely 
offset, the disadvantages arising from the above causes. These include: 


(1) The possibility of making all measures near the center of the disk, instead of 
near the limb. 

(2) The greater number of objects available for measurement, and the consequent 
better distribution of the points in latitude.® 


The following sources of error must be considered: 


(1) Distortion of the solar image, arising from— 

(a) The different rates of motion of the first and second slits (p. 3). This is 
corrected, with sufficient exactness for the present work, by the motion of 
the photographic plate during the exposure. 

(b) Errors in centering the solar image on the first slit. It is evident from the 
equation of the grating that the degree of the distortion of the image depends 
on its position with respect to the axis of the collimator. For any slight 
deviations of the solar image from the central position, however, the effect 
is small, and much less than that due to (a). 

(c) Curvature of the second slit. When taking the photographs, the effect of 
curvature was reduced to an inappreciable quantity of the second order by 
setting the slit in all cases parallel to the solar equator. The latitudes are 
thus mainly (though but slightly) affected, while the longitudes suffer only 
in the second order. 

(2) Errors of globe divisions. These were found on examination to be so small 
that they could safely be neglected. 

(3) Care was always taken in the orientation of the image and in centering it on 
the globe. The accidental errors arising from these sources were undoubt- 
edly small. 

(4) The focal length of the only lens of sufficient aperture available for the projec- 
tion of the solar photograph on the globe was 18 feet (5.49 m.) instead of 
14.8 feet (4.51 m.), required by theory. The errors due to this cause have 
been shown to be inappreciable. 


es This applies particularly to well-defined images, in which the mintite flocculi are 
shown. 
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ROTATION PERIODS DERIVED FROM THE MEASURES. 

About 3,000 measures were obtained, of 1,213 points in the flocculi. The 
actual heliographic longitudes of the flocculi were not measured, but only 
their differences in longitude east or west of the central meridian. The lati- 
tudes of all the points were measured ; but they are, of course, affected by the 
slight error due to curvature of the second slit. This does not exceed 0.6° 
in the extreme case and affects only the grouping of the different flocculi 
into zones in taking the mean value for each zone. As the spectroheliograph 
was sometimes oriented with the convex side of the curved second slit north 
and sometimes with the convex side south the error of grouping will be 
practically self-compensating. 

In gathering together the different measures of the same point, to determine 
the rotation period, the first reading was taken as zero degrees, and the 
others reduced accordingly. The readings thus assembled are given in table 
1. It has not seemed necessary to publish all the measures from the original 
note-book. The plate number and date are given in the first column. The 
second column contains the flocculus number, as marked on the enlarged 
prints for the purpose of identification. The third column gives the zone in 
which the flocculus was found: a= 0° to 5°;b = 0° to—5°;¢ = 5° to 
IO ;¢— —5, ta-—-10°; ¢ = 10° to 15°; f = —10° to —15° 3. g = 15° to 
20°; h = —15° to —20°, etc. 

The sixth, seventh, eighth, ninth, tenth, and eleventh columns show the 
movement in longitude during the days, or portions of days, intervening 
between the first and second plates, first and third, first and fourth, etc., of 
the flocculus in question. The fourth column gives the angular movement 
per day, as derived graphically from the readings, by platting the times as 
abscisse, and the difference in longitude as ordinates. The rise of the line 
which best represents the observations, during an interval of 24 hours, is 
the desired angular movement. 

The cross-section paper employed, for which we are indebted to Mr. Abbot, 
was specially ruled with great accuracy for the Smithsonian Astrophysical 
Observatory. The paper is ruled in millimeters, and the scale of platting 
is such that 5 mm. correspond to 1 hour in the abscissa, and single milli- 
meters to 0.1° in the ordinates. Heavy lines were ruled to correspond with 
the even 24 hours, and these were taken to represent the noon hour. The 
times of the plates were laid off, so many hours and minutes, right or left 
from this line, depending upon whether the plate was taken in the afternoon 
or forenoon. The first ordinate was o, the second approximately 13°, etc., 
as given in columns 6, 7, 8, 9, 10, and 11.’ 

Let y1, Yo Ys, - + - + represent the observed motions in longitude, corre- 
Sponcine to the times f,, 0), t%, ««.. In general 1,,1,, t5,. .. - aresnot 


° The graphical method described below is due to Dr. Frank Schlesinger. 
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exact multiples of 24 hours. In the case where we have three observations 
connect y, and y,, and let A, and dA, represent the values of the longitude 
corresponding to the intersections of this line with the noon lines of the 
first and third days. Similarly A, is given by the intersection of the line 
joining y, and y, with the noon line of the second day. In the case of four 
observations, the values of A,, A», Ags, Ay are given by the intersections with 
the corresponding noon hours of the lines joining y, and y,, and y, and y3.- 
Treat Xj, A» Agy » - - - aS Observed quantities, and call A, the value of the 
longitude corresponding to zero time. By the method of least squares, the 
equations 


Ay — A, =O Ay +#*—A, =O Ao + 24% — A, = 0 
~ give at once 
3do + 34 — (ir + As + Ag) =O 3do + 54 — (Az + 2A) = 0 
whence 


I 
aa (As — Ax) 


Thus, in the case of observations made on three successive days, the 
position of the middle point does not affect the result; for in approaching 
the thread (which was used in place of drawing lines) to the middle observa- 
tion, the inclination is not changed. This is, of course, absolutely true only 
when the intervals are accurately equal to 24 hours, but it is a sufficiently 
close approximation in our observations. The error does not exceed 0.05° 
under ordinary conditions and 0.1° in a few extreme cases. 

For four consecutive days we obtain 


a 3 I masegltt Ag— Aq 
eae, (A, — Ax) 1 One) i (—a)} 


The second form here, as in the following cases, gives the weight assigned 
to the line through the extreme observations and to that through the inter- 
mediate ones. 


In case the second day’s observation is lacking 


ae = 2 = ol Aga ae Ae 
SM Madchen nti 6( 3 Es 2 } 


If the third day’s observation is lacking | 


ae: 9 ale we. Boa ll Ay — Ay Ay — >, 
w= ar ae ar m) =11 6( 3 )+ } 


om 


For five consecutive observations the middle one disappears, as in the case 
of three, and we find 


= ee PP ie oe AA Ay — Ag 
ae di) Pe (Ms ies cl 4 )+ _ } 
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With 2, or A, missing, the solutions are similar, but too complex to be of 
value in platting. 
If A, and A, are lacking, we find 


ra ginmin san =f) oC) 


If A, and A, are lacking 
= —_ ) 
r=S—a) +E am) = ee eee ; =i) 
Fig. 3 illustrates the graphical solution of the observations of Flocculus No. 
737. The observations were made on plates No. 3106, 1894, Mar. 14, 159™; 
No. 3112, 1894, Mar. 15, 1"12™; No. 3117, 1894, Mar. 16, 2"44™; and No. 
3121, 1894, Mar. 17, 12°04™. 


yao Yo = 12.7 Ys = 26.2 Ys = 38.7 
A, =—1.10° Me 12:07" Ags 24:76" Ni, == 0 Oe 


3 I 
w= (AA—A,) +— (A, —A,) = 13. 
aa 4 1) aan 3 2) 13.203 


Or, extending the line 4,A, for the three days, it intersects the noon lines 
on the first and fourth days at a and 8. Now, knowing that the line d,d, 
has nine times the weight of A,A,, we may make a reading on A,a one-tenth 


the distance from A, toward a = —1.05° and on A,B one-tenth the distance 
from », toward B = 38.56 
p HEE TSS = aon 


Or, as is most frequently done in practice, we may draw a third line A,8 
parallel to A,A; passing through A,. 

Again read on 4,8 one-tenth the distance from A, toward 6 = 38.50 

- __ 38.50 + 1.10 
3 

In case we use the general formula and express t,, f,, t,, ¢,, in minutes, 

k= (ty) —% (t) § (y) 
kx? — (St)? 

i, =0 ty = 1393 tz = 2925 t, = 4205 


k =the number of observations, in this case 4, 


= 13.200 


4 = 1440 


we find 
Hes 132583 
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25 AG a 25 


an 


Fig. 3. GRAPHICAL INTERPOLATION MeErtuHop, 
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Tas_e 1. Diurnal Motions of the Flocculi. 
ee 
Diurnal | Diurnal 
Plate\No. and date. No. |Zone| motion, | motion, I 2 3 4 5 6 
sidereal.| synodic, 
No. 2401 I CLALTZAS| T3780) 12.0 20.60: 30.0 
1893, July 31 | 19 ¢ | 14.84 |-13.88 | 11.7-| 25.0 | 30.7 
2h27m 5 e | 14.03 | 13.07 | 10.6 | 24.6 
Biers (4.42 13-47 || 10.8. || 25.0) |) 385 
4! e | 14.38 | 13.42 | 10.8 
TSM ep EALCOn eisesia le TORnae ose d 
AE |) fe || TACO mess) | Melo2 |) AAs | Syl Gai ge: 
2 Cm VALAe ela 7aleTOCOnE24nSilesSes all Sees 
14 BON 138-78) et2S2q TO. 
15 PETS SOm|ei22O3 5 LOst al 2403 
II id || DAIS | SB |) Ot! 
Ae ih 72 4) TRC TAS Looe Pes || Boer 
8 PM S22 Or etrOSa le g.O8 | 21-0 
8! Lae T22O0 sen tTe6O5| Ors 
16 PMIGISS54 0 122580200 (623-7 
Wey P|) Teiey |) TAR || OES | esau 
No. 2407 PG eUAHO2 Ae TasO7 seT3108| 927-0) AT > 
1893, Aug. I 27 Am IACAZ aigeAge tA On 27.201 FADO) 
gh34m 26’ | f | 14.41 | 13.45.| 14.5 
26 12 |) WAS SEA Teer 
3 2 | izle) |) Ua oyd | ayes} yz eh) AO) 
6 | tiziga) || seaaeee | tien |, Aras} 
22 |) RGA) atiegte || TYE ae Ze} 
65 VE 142075 013-125) 13-7) 220.0 
No. 2421 32 5 | 13.99 | 13.04 | 12.6 
ESOSW AUS eae abe An 2ulmice 70M eTssOulne7a3 
Ith3gom 38 Bb 15.24 | 14220416 13-8 
BOD Pe ets. SUnle i205 ete. 5) (925.5 
BO FB erae26 N13 soul tae7, \u20.4 
Soe |e NARS) || SIGE Mia 1B} | ALOIS BO, 
36 @\\ Y4262))\) 13°66) |e3-0) ||h27 00 
33 Cai) LAGZS: |) 13.82) 0208) | 2704 
4 TANIA, alee ouleloe2nie2 703 
20 baal) TAAOM| 913654!4|| 12-0)9|" 20:0 
30 te TA, OONleTS- 10) |e i2-74 | 20.0 
No. 2429 35 @ 15.87 14.92 |) 15e40i 1 30eb 148-7 
TSOS AU Sse! lee LAs22 \etS.20) 1813.3) 2057) 1043-410 50.0 
rohg2m 30 alice | ewA-00l ese 70 513-0 
209/ Ye tA. GO IGE ZO: 1350 
47 iP || Sey TAL area) Aas || Ko) 
38’ Pe T3200 pl ents et2e3 
A UPN aiaicaysall ino) | 216) loo ooan 44.4 | 53.4 | 66.7 
No. 2442 BOAO Net4R 57a Ta kO2mena.3 
1893, Aug. 4 | 52 | 8 | 14.75 | 13.79 | 13.9 | 31-7 | 40.9 | 54.5 | 69.2 
i 7= BS eh WAG 3 13.771 1355 
55 DONA OS IBt72ulabSeS|-Gl-5) (240577) 54.0 1109.0 
51 d | 14.69 | 13.73 | 14.2 | 31.2 | 40.8 | 54.2 | 60.4 
ie |) ah || iiinogs || aeieye || aigigeal| Siar) | HOKs: 
22 ne etd LS) else LOM et2:9 
Aa eile Wed. 73.4) 13-77, 13-5 
42' | e | 14.10 | 13.24 | 12.6-| 29.8 
44 @) |) 132600) 12. 73)\40 1320) || 28-89} 38.2 
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Taste 1. Diurnal Motions of the Flocculi.—Continued. 
Diurnal | Diurnal 
Plate No. and date. No. |Zone | motion, | motion, I 2 3 4 5 6 
sidereal.) synodic. 
No. 2442—Cont’d. 44! € REACAT EDS AS hadioes | 3045 
46 g |-14s15-| 13.19 | 13.0 | 29.1 30.0 | 52.0 
49 h | 14.64 13.68 | 14.2 | 31.5 | 40.7 
45 j | 14.10 | 13.14 | 13.0 | 30.4) 39.0 
AG al) a eLALO2 ei atO7a) a S<A4 
No. 2452 Ba WNead a) TAs7Ou 13503) | Lye 
OOS NM ons NeeSOn Nea mIScOSelt2-O7mlmrOa5 
Toh34m 54 | f | 14.57 | 13.61 | 17.3 | 27.0 | 40.3 | 54.9 
58’ | g | 15.47 | 14.51 | 18.5 
PGE Wan | aeheny | Tash | SAO) || AAG 
62 hk | 14.66) 032709076) 26.890 40.2 | 55-0 
50 if LS O32, O7 aed 7a 25 Ome O.5 
50’ | 7 | 14.00 | 13.04 | 17.4 | 26.0 
No. 2465 71 e | 14.58 | 13.62 | 9.8 
TOOS EP AUS Om) 78 seal alae ied el 375 sO. oul 23 
shrom Coy ak) ar one || aon ech | ZAG) || eGR 
61 F | TAstANei3.1S a) 060.3 12253) be 36-40 248-0 
G4! | f | °03.07 1-13-01 1 63 
70 fF NGLS aA LZ e7onl Ogun 2h7, 
70 (al TASS) TB6OS ANOS 
Fi 2 WAGES. | gO OHS: 
62/7) Th 13465, 112.60) |) “Ost 
reve || Ve | areigie | ei | toyig ||) 
80 (0, Woawiisiley mia: Q.1 | 22.4 
EY Wp || SHOR | eOyA |, Bee) |) 220 
65 j | 14.07 | 13.11 O.0 || 2222362 
69 j | 13-40 | 12.44 | 8.7 | 20.6 | 34.5 
74 He tqcOOMe 3.70) | SrSal 2253 e720 
67’ PR\EARZOM ELS A3 eS. 5) 22=4ueo Olmos 
64 Bp \04e20: 13-305 o.5 || 22670 3007 
68 et Ac20) elsesOul eee oe 22.8 | 36.6 
No. 2471 AG! S|) SA a t47AS\013.70) 213.6) 28.0 
1893, Aug. 7 | 50 ZHeTS OSMMI4 2 ersGal 2or8 
roh27m OO! M7 jler4cas gear” sez 2765 
SO! M7 weTA.O3 (Ete Oya niars 
75 | T4203) We RStO7 || 13.0) | 2007 
78 GuleLA oe niete.somereeon 27158 
83 iC ANLS-O7, 1S OLN er 2tOn |e 20.0 ses a aletee ereee 64.1 
84 @.)| 15.27 | 142311210) | 28.0 jha2.4 
Soe: 8 | 243°56") 12200 TS. 3 
(Oi GP | AwAleins} || Te) eae 
No. 2482 82 (Be Veitiggaieys|| siviten Palle ator 
TSO8, AUS. Sul 77 ec lata 7 alate Atte 62 tl 2076 
ghs2m Og 72 IR OL T2295 race 
89 GBS Ol ete on eres 25ae 
go @ | 13.68 $212.02 1-14.81) 26 Atos. os Sie 
92 1 | 14-67 (08075 113.7") 27.2 
04 J }E4-12 129.10: 154.0 | 250.15. 5 s05 52.0 
95 f VISTA OSMetseIea ree Salr25ee) lance 51.8 
96 bo} TA33. 13537 5) TAO 2067 Nes sce 52.90 
97 7°) 33-90 1°08-05 4 1357 | BOO foe wsies dade esas 78.6 
OG! Tiey sia Ae rs Abul era. 2 || 20ce lee eee Bake 
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TasLe 1. Diurnal Motions of the Flocculi—Continued. 
oD) Sara Gae on 5 earn] 
Diurnal | Diurnal 
Plate No. and date. No. |Zone} motion, | motion, I 2 3 4 5 6 
sidereal.| synodic. 
No. 2496 98 Ch |) ASN ee GA aS 
1893, Aug.9 | 99 1 | TAR) ERAGE a) TS 
rrh26m 106 BA SAGAS | TALC |), SEE ra SrA kos 67.7 
IOI Oost San Wee. OS alert OF (eens crete B7e0 
LOOM NCE WEL AO ns DaeAd miei: 3 
104 ZN SVSe5O: ete. CONN TOLAw lee oes) 36.3 
Uaey fe | eS I eR MAO Whee doc Bok Oulenveins 62.8 
QI a | 14.00 | 13.10 | 12.0 
93’ | f | 13.65 | 12.69 | 11.6 
Oye! NW | Tees | afore ||. weit) 
Sst ese OSi 1 2200m ern 
go! Al TB gstOn || ager | PAT) Naas 37.0 
90144 e13st87 012.01) Fr.S 
103 IF | LOW) | AONE NBEO ine eee 39.0 
No. 2501 102 GN BIALAC OA) TOV. | eka Pups), lve Bee 53.1 
1893, Aug. 10 | 107 GONETSESO Vee Od s\n 2563 
gh23m 87 DP etal ens 276r ln. see 27.0 
108 2 | GRETA GaAs arcs 24.6 
118 dae 32O25 | 12700 ec ae DAG2: liacdetere 52 Onlsecterete 80.0 
TLS eee eLons7 seme On leer, Zo OUlNera a eve 51.3 
No. 2521 109 d Netanc2 ens. Sonicare 28.5 
1893, Aug. 12 | I10 de NPTART OME 1ae22 homes ae DZoalenicersiee,s 57.2 
8h47m III G |p DAAOMETStAA Meee. 28.2 
112 i) 1S: Soul 12-08-16 066 oe Pay Py 
113 BN. SOR T2203" eaten es 2g] Po 
II4 RANSTASTOM TQeit aly aee ee 27.6 
115 Wale EALO4 ME TSCOS tian ee 2755 
SOT Tae rae salt Ola ee ae 28.7 
cae 2a ener Gh 20 alee 28.0 
TO? ej rae Oomletar72sltnceier 28.9 
TOS WA ou pelGe2 Zale TALS T alee or 30.1 
No. 2542 116 Bl (ey. as YB 8 Rot a oh 29.2 
TSOQ3,0AUgS 14 | 124 | fe t4 4a 13.08. bane 2. 2B-27389:0) | 52-2)05.0 
Irh5m 133 PARTALZDSRE3.35 ioe eek 29.7 | 40.1 | 52.8 
132 (CA GRE Ae hill eager 28.37. On 50.4a0s—8 
135 Pe ISeOhe | Ie2kOR mite oe 28.7 | 38.7 
No. 2558 129 CoP TASTOMIe 1350 4al TOstn 22°71 3520 
1893, Aug. 16 | 137 A || AMG |) TOE | TO 
4bh33m 138 A PASS 83 13602) eTO- ON 2Ar021537, 0 ee ares 66.9 | 79.3 
I4I fa AIAcAO WLS e4AN | 02718228) 30.0 
139 AN Bingen | Tigsig) || ote) |). ey a 
136 i \ TA 37 13.41 10.0 + 23..3 
140 ie epee ote re. sh aieO.34 8 20-0 341 
143 Gail T4e20 ln 13°25) O-0 
150 Wis 84 | 12.877 10:0) 1922.4 
150’ | & | 14.54 | 13.57 | 9.7 | 23.4 
134 g | 14.29 | 13.32 |-10.0 
No. 2560 142 fe Ie TAO3 Ih T3000 n nS s5 
1893, Aug. 17 | 151 BUN OES OOM IGOOMIN 2s || 20.0 ine es 54.5 | 62.6 
19h38m 152 ANP ES LON T2145) 02.0 
153 i P VATION 3.14") £8. | 26.0155 5-1 55.0 
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TasLe 1. Diurnal Motions of the Flocculii—Continued. 


AS DETERMINED 


Diurnal | Diurnal | 
Plate No. and date. No. |Zone| motion, | motion, I 2 2} 4 5 6 
sidereal.| synodic. 
No. 2560—Cont’d. | 157 nm | 14.96°| 14.00°| 13.1 | 27.6 
156 Ah | 15.84 | 14.87 | 13.6 | 29.3 
155 Bh NetAL2sS We0se20 ued 2.04) 20. 
163 fe WeLAeS Ser se5O nel 2-O nl e2OsOMaterater. 57-1 | 69.9 
TSOW a oe, wee sea Illes 20 Meu 
TOON fet 3-04 1612207 et258 
No. 2569 145 F \ 12.78 | D2.81s\e 255 
1893, Aug. 18 | 160 J. \PSe24 Ries. 2OmIeuA Sy al ener 42.6 
rTohigm TOA ef |e 5eOl nel lO5 aiUAe Aa cree raters 45.0 
168 dA CAV SO8 Wer4qes! |e oe AZO 5723 
168’ | d@ | 14.75 | 13-79 | 15.1 |...+-- 44.3 | 57-5 
140) 4s TAL Ones SOMES. 5 
171 LE VGTALOS Aer SHOO Meas eel eres 41.8 | 54.9 
ingfil! TAS E5e30 ete saaler4.0 
TOS don TAS 2s elo SOM etal wie elects 43.5 
No. 2580 
1893, Aug. 19 
orsr= 
No. 2588 194 DP) 14.48 1503.51 |) 13:0 
1893, Aug. 21 | 165 | Thee |) 31311). || GALS 
3hi3zm 170 A | T3523 A el2. 20 sleLles 
174 PACS Tiras aes 2 
175 Bh £3.30 et2:O0 me t2=4 
176 RNA TS melo FOM ma ay7 
180 j | 13.86 | 12.90 | 12.4 
181 kUr3-55\e12)50m)et2er 
183 CANS 255 qiel2<5 On Breer 
184 | ¢ | 15.45 | 14.49 | 13.9 
185 é) }) 134000) 13 -02MEI225 
186 [EN (oy | Roy Aa 
187 fA AAS 1S. 5a t 3-0 
188 iW sy | eee) | ese 
189 j | 14.06 | 13.10 12.6 
190 || Ug Gy || MAG Rs || Ue 
IQI fe | 14.36 ets240: 11250 
TO7) Hedi ||) E3555 ule ssOmmere.a 
195 TE Peery || 1vaseXon || S80) 
196 fe || TW) |) AEG) || Tee: 
No. 2590 
1893, Aug. 22 
2hg5m 
No. 2598 199 k 4 13.36.|) 12.39) 15-0 
1893, Aug. 28 | 200 kl) 23207) 12-00 ese r_ |) 2400 | 38.0. 
Toh5gm 206 i | 13.903 | 12:064=26.0 | 25.94\40°6 
208 ig. 1) £4.40) 13543 1) 10.2 
200 m | 13.82 | 12.85 | 15.5 
211 i 1 AAO Se43 a cOLe 
212 A | 14.50 | 13.53 | 16.3 
213 k | 13.49 | 12.52 | 15.1 
214 t | 14.44 | 13.47 |-16.4 | 26.9 | 42.1 
215 t) [ DA25 ees. e2ouelO.3 26.35 Ate 7 
B17) |) bi uv PSsta Ieasesat 9.1 
219 PARA TNMIS CANTO. ok27e0 
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Taste 1. Diurnal Motions of the Flocculi—Continued. 
‘ Diurnal |} Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 5 6 
sidereal.| synodic. 
No. 2617 220M NE MIN ECRG ate les OvOLOnl23-4) 
DOOSM ATS ZO | 220 lean eESeOON) L202. \8 O87 |):22.8 
4bho3m 222 k2e CON Te O30 LOsk | e22-3 
22ce em tAbOSei) 14t00m)t 725.6 
224 ei n\etdAe2ee eles 20m LO. 3ee25 a0 
220 nV Pale AL 2oulensezoul RICOn| 24.7 NGO.S)) A0e4in alate 77.0 
No. 2619 225 | b | 13.88 | 12.91 | 13.6 
1893, Aug. 30 | 228! d | 14.46 | 13.49 | 14.2 
12h93m pa |) (2 || Tease || ait) || ies) Bee 
227 adele eS OSM LAOS nana. s 
2a2 nid) GAC72 ae i3e75 | iar Oe 20/0mN30:6 
235 |ft+h] 14.36 | 13.30 | 14.4 | 26.0 
220m eSE LAL 720 eles ele ee a0. 7) 
ZG N 7 || Miglines || eee) TEES |) Ash Ion Goo b|one08r 65.2 
DES ee TA Qeiele 22 Abe| Ne25.Oltlerersiers. leevetarc's 65.2 
24OWN SN TALS7 |) 13.908) 15.3) ||) 27-0 
242 | d | 14.48 | 13.51-| 13.7 | 25.7 | 39.0 
Pee | (2 || ayrgsy3 | usitelye|| site 
No. 2628 241 | g | 14.77 | 13.80 | 12.2 | 25.0 
1893, Aug. 31 | 230 |k+j| 14.74 | 13.77 | 12.1 
th28m 245 | AM GA.78)) B3581 1) 1253 25.3 
2ZAON fA lAeA Sw Weh3'-AOn Ik Tatras 230 Bll ieiare 52.1 
247 | hk | 14.49 | 13.52 | 11.1 | 24.5 
2ASt fF 1) TAOONIE DS-002" Die 0 824 O55... BOL ee crsieie 75.9 
249 | f | 12.98 | 12.01 | 10.6 
2e0°\) 2 | 13.00) |) 12.001) 14.8 | 23.8 
Bet | fT Hash £3640. 88-7.|- 24.5 NOe sn 50.6 
252) Meret 4 Gln) elS-O4nl b2-OulN24e7, 
2oae ere ACDSee i saLow p20 oll 24 eyelets 6 51.0 
Diy || fe Te GRY | MART) |, inlay | WARNE 
2550) 2 V4ALZOn eS .32e ent. 2 24.2 
ZEOU AMES OAM Ove Ory le 22e4aneiate ss 49.7 
No. 2634 257 \\ Bb \) T4CO4el) 13.07) 13:2 
1893, Sept. 1 |- 258 |) @ 4} 14.87) 13.00) | 13-1 
rohgrim 250 | d | 14.42 || 13.45 |) 12.7 
260 | f | 15.32 | 14.35 | 13-5 
2617) di 405.03) ||"r4:06) |) 03.3 
262 || # | 15.70 | 14.82 | 14-0 
263) f | 15:32 |) 14.35 | 23.5 
204 bh AigeiS |) 14.21 0354 
265 | f | 14.06 | 13.09 | 12.4 
266 | hk | 15.71 | 14.74 | 13.9 
2O7 | sf 1) 14.00) 23272 | 13-0 lacs 40.9 
2OSi| = el) TAS 7OMN T3-82) | 1G-O) le steiele« 41.2 
269 | j | 13.86 | 12.89 | 12.2 
ZO fou LAS 2a) 13.35 Lae dle clerenle 39.8 
271 | # | 13.86} 12.89 | 12.2 
No. 2639 PNA (| Teese) || ARAN loogctoe 25.8 
1893, Sept. 2 | 273 | g | 14.01 | 13.04 |....-. ZOO Aare: 52.5 
gh18m Peis |, || BILE | PARC a oose DE ANA arcstts iii 
2yS || Uh | Ges). || UG SIME someon BOTA sens 53.6 | 68.2 
278A J MILA. LOM |elG-22) \|niltate!s 20.9 
ee ee ae ee ee a 
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TasLe 1. Diurnal Motions of the Flocculi—Continued. 
Diurnal | Diurnal 
Plate No. and date, No. |Zone} motion, | motion, I 2 3 4 5 
sidereal.| synodic. 
No. 2639—Cont’d. BOM fa PESOS 2c nse 5 Sole aes ee 27.5 
280s Mi EALOC ale Foe Wlalecarane ete 20), Salis car 54.4 | 69.3 
2ST eeanlel sey cael oe 75u neces 25 Falke Se 50.6 | 65.5 
No. 2651 Z7A fats 7a 7 OM ee cet. 27.2 
TOO3s epter due 253) Al 04-420 oe Sell erate 27.0 | 41.6 
rohy2m 2San le A eG2035) oi 2- O08 a raers 25.0302 
Dell gid | oe eae, |) UEC. coos 26.9 
200: |) A. D4 Some ls. Oe lewers.2- 27.0 
20 Tat Ae | TAS feted OOn |e weecte 26.9 
22 || (A NELA. Sou we Olan eetete 27.0 
203) 2 Fa. OSs TACO errerec- 27.8 
2ZOAA PLN LASTS alel 37 Om eteree« Pipe 
2OT AN Poe tA OO) \132 72h earesis. 27.9 | 42.4 
2OSi | of | SPA. OOR a 3< Oba lasvaa: 28.0 | 43.0 
B00 4) $2) || TA. s8ule se 4 ta ears: 27.0% 42°7'\ 55:0 
302) ia) I Td sS7uilais. 00 keen 5 26.9 
B04 id ctifil 13.020 eT 2O5ilee ec. 27 VN 2O.% 
305) | f | LAe42h ebsed Sulcees.< 27.4 | 41.6 
300) eam et UU is Sod OM eevee 25.7) | AOn7 
No. 2675 210 || & | 14.02 | 13.05 | 14.4 
ESOS OEP EN OG) | SLL fa lelGeO4n ame: 67m 4 ee 
gh47m 314 | d | 14.41 | 13.44 | 14.8 
315 | & | 15.84 | 14.87 | 16.4 
ZION Ned all Laake room AGS 
ewito wel res | Oye Neyer lll sir 
320) || 15.210 04-245 ht5e7 
2207 ie fanl 136740 et 2e7 7a Aer 
No. 2681 285 ile) | ASEZ METS EC oter hes item savior ites 53-0 
1803),) Sept 7a) 32011) 2h lA OOn TS er2 a) eLAso) Ihe. <ealeee ane 52.9 
I2hjgm 230uley |) 15-200 B4A.2o er st4 
332 | & | 14-0440 13.07) |. £5.01 |. i seefees sas 52.7 
320 J 114.045 13-678) 0407 
333 | 4 | 14.92 | 13.05 | 15.0 
334 | & | 14.07 | 13.10 | 14.1 
335. | &. || E3504) Wei 2.713. 
3360 | @ | 14.07 | 13.10 | 14.1 
337 | # | 13.56 | 12.59 | 13.5 
338 | € | 14.34 |. 13.37-h44.4 
3390 [8 | E4255 03630 FRAC |e. Sidon Ua 53-7 
340) |--¢. || 12:04) eT T.070n2-0 
No. 2694 BAAN a) LACOOU TATOO lca ier totes OF 8.5 
1093, Sept. & |. 345 | A | 13.66 | 12:60 1... <..- te 
2hj2m 3A) 9A: ||, ALOO) | S- 00, Ineaee nase. 38.5 
Baal A ali TALOOUlm S.OOmleete kee tcokie ho 38.5 
No. 2699 S5Suleue. «| Ae 2OullnS-2ouleernn. Inde ae 40.1 | 52.2 
ESOS OCD tet In| ln 4540 lf wed: O lm on gtOAm late arcs cone 40.3 
r2hg8m 25S herml £4S2al esa scelemen wlse,. ne 40.0 
250 Med: M05 LOM Aneel tmee eel gente 42.0 
S57 dl ees NEA TS leis T Oslliempasetce lic ote ate 38.8 | 53.2 
258i r2 ala TOP MT Se TOn memes eelirie cae 28-5 lessat 
360 Wal TALAAM DS AVeln tslcvaee 39.8 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 


Taste 1. Diurnal Motions of the Flocculii—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 
sidereal.| synodic. 


No. 2712 361 | & | 14.30°| 13.32°| 13.9 
LSOR MSEPEs 4 aie sO2 eed Mle T4630 413.328) 53-0 
1rhg2m 363 || d@ \-14.20 | 13.22 | 13.8 
BOAT d wip tae Zon 13-40 | 14.0 
ROS | Ch eeey | ey ean | eee 
307 1 fe IL E4-30 |, 1st4b let4.0 
BOSe mielseUSmimde. hei. 7 
372 | f | 14.77 | 13.79 | 14.4 
373| Of (eTS-E7 WIA. 10), 14.8 
374 | f | 14.67 | 13.60 | 14.3 
Suis | Zl aeene || TAs | Gees 
370 | 4 | 14.50 | 13.61 | 14.2 
B77 ts lets SOneES LOL Ge kale 
Boro) || fe | aS | Sea eG 
BST Gn |eL5-C4 tA. SOue L5e5 
282) \e |\) 14-30!) £3.32", 13.0 
383 | z | 14.67 | 13.69 |-14.3 
Zev ll 7 Wie Revi) eee | Sek 
Bsn || —@ | gee) | ey | ee 
BS7 ed a leLosS2 al et2. Same Taek 
Sexey | 1 |h Setdetseay Ih its || mee 
280) lice ale ES. Ome 202m 13e5 
2Oly iF els 42 uel 2eAAa 3.0 
BOZi iyo L253 me Soper zor 
393; # | 13.24 | 12.262-12.8 
BOA d 13.00) 12-70 ks.S 
No. 2722 
1893, Sept. 15 
I2h4gm 
No. 2741 405 | e | 14.89 | 13.91 | 14.3 
1893, Sept. 22 | 406 | e | 14.98 | 14.00 | 14.4 
rrhy3m 407 | ¢ | 14.98 | 14.00 | 14.4 
ALOW a EAs 34 aes. 30N 13.7 
Maite Ye || aelegsey yi etRene |) 
AlZN e Mle tse2OulelAesOMmlde 7; 
414) ve afd 7On) 13.72 etd. L 
ALS CulmtA.OOMNt3.02 5614-0 
AT ld \etAvAdaie3 AO ue i3.o 
AIG aia eL5-OSul eid LOM EAS 
420 | f | 14.60 | 13.62 | 14.0 
422 | Gi tA. 7Outs. ou etd. 
AZO) Ne Cait Aes Tale oe5 Sucks. 
428 | e | 15.38 | 14.40 | 14. 
No. 2756 
1893, Sept. 23 
TEe53 
No. 2777 WGP |) Ce Nitalkope | WAKO) loo coor 30.7 
ESOS OCt eae AAS ee etd. 22 ules. 23401 3r8 
gh16m ASOMMEC HE EAcd 2ulnoe4omlatA 0 
451 | ¢ | 14.78 | 13.70 | 14.4 
AS 2 inGe | WUAe42 sel 37459| 81420 
455 | a | 15.05 | 14.00 | 14.7 
ASO GA IELAs TO UleLSt7 7 lek StOl lee sels 42.2 
457 | 4 | 


13.54 se02e55u)) 1351 


22 THE ROTATION 


Taste 1. Diurnal Motions of the Flocculi—Continued. 


PERIOD OF THE SUN AS DETERMINED 


Diurnal | Diurnal | 
Plate No. and date. No. |Zone| motion, | motion, i 2 3 4 5 6 
sidereal.| synodic. 
No. 2777—Cont'd. Aes | |) WLC e yo) TRO WBNOP Necoc oo 30.9 
ASOn a) PLALO8) | TBtO4 ES eA Mee = were 39.9 
401 | d@ | 14.31 | 13.32 | 13.9 
462 | j | 14.43 | 13.44 | 13.7 |...--: 41.1 
AGS anny wIUAs22 Neise2s uel ors 
464 | n | 13.81 | 12.82 | 13.4 
4050) (E eis ori. S2mleia.4 
AGON| 2 I27O tee t2ee8 
AO7| f | 84.13 183-44 | 13-7 
468 |d+f| 13.81 | 12.82 | 13.4 
A0Qu) ed Wplse54q tras 5. else 
Kofi. \) [h | aa fooy || an || ase 
472) a) T423k \'13.329/053.0 
A732 NTALO7 I n3 168 eA. 3 
474 | f | 14.13 | 13.14 | 13.7 
No. 2787 AZO Ga a LALOO M132 Ole tat 27.9 
TSOSh) OCteSalmaA 774 aun eA raul nce 4Qulneeme 27.0 
roh2g2m 
No. 2791 PSE | UA | ETO! || BOG Io ooce 26.1 | 39.8 
Tsoi, OXsi of] wisee || We || TAG | ALIS llonoooe 25.5 | 40.5 
r1oh26m ASSall flSzO7 WetZros" norione DTA Oe7. Wee seers 65.5 
ASA Af METSEO7 IES OO ulaaes se DBEZTNESOLO) Ie cies 65.3 
ASS ef wel SsGAe T2205 alee 28.1 | 39.2 | 55.0 | 65.4 
ASSN MNLAe2 pale Eae2 on eerie 25.2 || 30. 
Agata 0ALS2a taucaulheaes 25.8 
ASG Nida TASS 2 i) Tavean hermeee 25.9 | 30.8 
ASQ OME TAGS2n mans) lees 25.7 | 40.2 
ACTow A |) UleseF h TERE Sc.cpe 20.0 | 40.1 
AQT. Gn eTA4O: le iseAge|emeee 25.3 | 40.3 
402°| £_| 84.50 |" 53.60 saat. 25.9 
AOSHI e PLA SLO) Goan Welles cee 25.4 | 38.2 
No. 2797 403 | g | 14.68 | 13.69 | 14.4 
1893, Oct.9 | 404 | g | 14.68 | 13.69 | 14.4 
8hrom 407 | 2) 14-40 |) 0347) V42 
498 | 7 | 13.89 | 12.90 | 13.6 
409 | @ | 13.54 | 12.55 | 13.2 
500 | f | 14.43 | 13.44 | 14.3 | 31.6 | 42.0 
sor | f | 14.63 | 13.64 | 16.0 | 33.2 | 42.8 
502 | jf | 14.35 | 13.30 | 14.1 
503 | J | 14.55 | 13.56 | 14.3 
504 | / | 15.34 | 14.35 | 15.1 
505 | f | 15.34 | 14.35 | 15.1 
OO! I 2 13.72. | 12.73 ered 
507 | @ | 14.20 | 13.21:| 13.0 
508 | 2 || 14.02 |) 13,035) 03.7 
No. 2800 500: |) 2 4) 132560 126574) 15.27) 2rv0 
1893; Oct10 | 5107) 2) | 13-65 |) 12:60.) 15.4 a 
gh28m S12) if eres On| aes yon 2720 
513 |) ASet3.85 |) t2.80 /erOL8s | ne7 
514 | @ | 14.50 | 13.51 | 16.9 | 27.0 
515 | f | 14.39 | 13.40 | 16.9 | 26.8 
516 | f | 13.80 | 12.81 | 16.9 | 25.6 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 23 


Taste 1. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 5 6 
sidereal.| synodic. 
No. 2800— Cont?’ d. 5U7 | mm |13240°| 12:41°| 14.1 | 24.8 
BZ ke 02s 7RN\ Lie Weise 
522 | d | 18.10 | 14.11 | 18.6 | 28.2 
B25ol TAs wan 13.05) 1762 126.3 
No. 2809 510°) f || r4200) || 13-10) oss 
TOO3 O).Ck nia 520) ed | raza nsi25, | 6.6 
4ho5m 523 | f | 12.99 | 12.00 | 8.7 
524 | f | 13.98 | 12.09 | 9.4 
5200 20u L400) |) 13sfOn | OS 
5290 | # | 13.67 | 12.68) 0.2 
No. 2812 
1893, Oct. 12 
gh26m 
No. 2818 530 | @ | 14.87 | 13.88 | 14.3 | 27.5 
1893, Oct. 16 530d | 14.60) | 13.65 | 14:2) | 2720 
Tohz0m 532 Wk | 14027 |) 13.28) 13.0" |) 20.49) 30.3 
533 oy  etacos) 3-06 /nA10) ||| 2520 
B34 2 554). 30) | 13-40 || £3.90), 20s 
Sa5tes- | 14270-|°¥3-7% | 1452 
530 | j | 14.39 | 13.40 | 13.9 
B27) lanl StAaco reeset \enAnsa|| 20.4 
ets) i gh aire) licen 3 6 
530 |—k || 14:10 | 13.11 | 13:6. | 26.4 | 38.8 
Gaia tani iia el2-72eNeT see sl 24.0 183720 
543 | J | 14.39 | 13-40 | 13.7 | 26.6 
BAA 13208 12.0019 132401) 2548 
545) eb 24270) 1S sS0n taLOn | 2754 
SAOn | ae 132200012230) | 12On 2464. 
FAST een L5s270 | VA, 2o nds 
Gry I ee Wa AS) || TRIS. |) Siviae ih alate} || Stoo) 
550M) Fe ise7se ee l2e 74 aebse2 
552] ¢ | 15.01 | 14.02 | 14.9 | 27.8 
553 | @ | 14.09 | 14.00 | 14.5 
554 | @ | 15.48 | 14.49 | 15.0 
S500) £4. 3dul| 13285" |) b4.85| 2720) 40.0 
No. 2821 SAO ten 135m le 22O2 012058) 2428 
TSOS MOCts 17h 42t Re DSc | t2e520 0 125on| 24-6 
1rhg5m SOU IGn |) I5e20n)adictesOul Tass 
: 5OOR|) f. |Pi4cOO Ns OR 1228) |) 20.25 aeate sc 55.4 
Roi | WW) sesso |) etsy) || iS |) ey, 
562 | A | 14.62 | 13.63 | 12.8 
O87 Bet se55 i ies5O |eee2n) 2Oss0 keri. asi 
BOG |) | ek4e27 | kS228 255 
566 | g | 13.95 | 12.96 | 12.2 
Gove || 72 |) SEC) AREY || TARO) Ihering 
Rister || af awleZar il aiid As) | ASRS Nog coor 55.0 
S55 al fal eAcOLel) £4702 rasan 25.0 Veta. 53.5 
No. 2829 569 | m | 13.43 | 12.44 | 12.1 
T8093, OCt ator 5 7On meme lasOse| 1204 t2e5a)|- meas 41.3 
10ho3™ Byin \h Ye |) ators | Aetsy || ISS) 
572 | © | 14-34 | 13-35 |_ 13.0 


24 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


Taste I. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 5 
sidereal.| synodic. 
No. 2829 —Cont'd. 573 | # | 14.88°| 13.89°| 13.5 
STAN ef. eA CON ME 3.10.) e255) \emrere yr net Le 
575) | ek | 13:24) | 12.25) 1h.9 
No. 2831 BOGEN A AGL | GOES Nee aiace 29.3 
100352 OCU TOMS ZO Celt Anz ll dise25 Aller esr 29.3 
gha7m iit fe (aie | aes lan Gao 29.3 
B82) 08 1 05570") WA. SOm sere s1e1< B27) 
No. 2839 
1893, Oct. 21 
2h2agm 
No. 2870 eel 72 ye aigeey, | ween || Mize 
; T8O3,NOV.. OF 584) 2 Neda cuelats.5 lalens.7 
rohsim 585 | f | 15.70 | 14.70 | 14.9 
SSO Mee aLALOl seks OO) ES sche erete 39.0 
CS 7am eEAsOSM NIG EO7 Nm <i seretetere 39.1 
588 | a | 13.84 | 12.84 | 13.0 
589 | f | 15.39 | 14.39 | 14.6 
590 | & | 14.33 | 13.33 | 13-5 
Gove | 7 |eaeeefey || eS || WOE ncasce 40.9 
GO2 tf 1) SARA Gwe S 445 Lion Ulster o ccote 40.4 
504 | 2 | 13.93 | 12.93 | 13.1 
506 | f | 14.80 | 13.80 | 14.1 
No. 2877 oye | suerissdeyy) ene ll Shcoe 20.7 
TSOS ONOVs 7 le 59S! 1 a7) etd SOM 3-AQ)leclacre!- 26.8 
1rhy4m OO75I22 ist AsSOMiel3c4O) lista 26.8 
GOSs| Fa) 514570 4023-00) lane 27.2 
No. 2880 603 | A | 14.61 | 13.60 | 14.0 
1893, Nov. 9 | 604-)-7 | 13.13 | 12.12 | 12.5 | 
Toh53m 605 | 7 | 12.36] 11.35 | 11.7 
606 | 7 | 14.40 | 13.39 | 13.8 | 
6TO | #2 | 14.20) | 13.28-| 13.7 
OL || 2 eras tOulelsseowl sss, 
No. 2888 
1893, Nov. 10 
LIB G5 
No. 2808 O125) 2 {ta 56 E3655 leks 
1893, Nov. 17 | 613 | g | 13.96 | 12.95 | 12.8 
rrh26m Og el MAL 7 aes s2On lel or 
OLS ed 14.56 Whe sSScl sed 
O16) | PW arsssO qutecss roe 
OZ Pe MILES SO Mees Sule tat 
O20 er Wits 7aetse7OnerssO 
O2245p Hit 2a13s)ei take) | snr. 
2057 02-84), DreS30 |e tl.7 
631 | d | 14.06 | 13.05 | 12.9 
No. 2904 
1893, Nov. 18 
rrhy2gm 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 


Taste 1. Diurnal Motions of the Flocculi—Continued. 


| Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 
sidereal.| synodic. 
No. 3020 O325 ef oa tOcle taht 7 ch 12-7 
TSO4s Jane: 25.5033) 72 | 14-00) |) 13.074), 12.6 
I2h24m 634 | d | 13.08 | 12.06 | 12.5 
635 | d | 13.89 | 12.87 | 12.4 
636 | f | 14.09 | 13.07 | 12.6 
O37) A | Dae7Oulni2.77 ||) 12.3 
6301 ee alelarton ats. n7an2.7 
640 | f | 14.40 | 13.38 | 12.9 
O4T ely nse57 Ner2ssS ale ro.n 
642 | g | 14.09 | 13.07 | 12.6 
644 | d@ | 13.69 | 12.67 | 12.2 
648 | 7 | 14.51 | 13.49 | 13.0 
(SG) | Fe I) Toy ARG || 1) 
ft || Yh 1 ioe) || Wego? || 18) 
6520 el Nn tse5 7a eres 5 nee 
653 | 2 | 13.98 | 12.96 | 12.5 
No. 3028 
1894, Jan. 26 
I~h32m 
No. 3062 654 | f | 14.70 | 13.70 | 13.7 
1094, Feb. 27.) (655 | 2% |) 14.307) 13.30. 13.3 
ph33m 656 | 7 | 14.40 | 13.40 | 13.4 
657 | J | 14.90 | 13.90 | 13.9 
O585/27 9) 14550 et ss50ul 1335 
659 | J | 13.80 | 12.80 | 12.8 
660 | J | 14.30 | 13.30 | 13.3 
661 | 7 | 14.00 | 13.00 | 13.0 
66254 sl 42 s0nlersssoniers.3 
66371 iam 13-00 12.00 ar 2.0 
GOAN ay | 542301 ersesOn leis .3 
665 | jf | 13.90 | 12.90 | 12.9 
666 | 7 | 13.90 | 12.90 | 12.9 
667 | 7 | 14.40 | 13.40 | 13.4 
668 | & | 14.80 | 13.80 | 13.8 
669 | f | 14.80 | 13.80 | 13.8 
O7ON | 6 | eL4270 13570" \en 57, 
671 | a | 13.80 | 12.80 | 12.8 
672) 6 TA.S0 WW a1sss0 a3) 
673 | b | 13.80 | 12.80 | 12.8 
O7 40a TALON 3570 Wel se7, 
O75n|ne™ | 13870N lei 2570 ar2.7 
G7ON ie 12 DSO a anAat Ott aan 
677 | d | 15.00 | 14.00 | 14.0 
G78) f \e14-809/913-80 (513-8 
No. 3069 O70) a Netde 7 oes 7k este ¢ 28.4 | 40.3 
Tso4s heb. 28 | 680.) 2 Wor452 13552 eens 27.9 
th33m (steph Woe eon) || 3exoK} llounoae 20.5 | 38.4 
OS20 fale DAs 22 403-22 bora ece 27.3 | 38.8 
G83 Aa Ais ale set sien sierra 27-ON Bor 
a ASU GUA eM Ag IA ie acts. 29.2 
6 Ran ARS Seal el 3s 3 5. )onae sts 27.5 
686 Fa issn | Beacon eo eoen 26.6 
SN PE. | TEAS | WOEIEN Nh ere 27.7 


26 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


Taste 1. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone} motion, | motion, ig 2 3 4 5 
sidereal.| synodic. ; 
No. 3079 689 | A | 15.29°| 14.29°| 12.5 
1894, Mar. 2] 690 | f | 15.06 | 14.06 | 12.3 
3hrom 691 | j | 14.71 | 13-71 | 12.0 
692 | f | 44:37 113-37 111.7 
©03°|¢ | $4337 13-37) 15.7 
Go4y |e |) 14.03 13.03 11.4 
695 | e | 14.60 | 13.60 | 11.9 
(OCI ee |) Gylgri |) sizseier yy ania 
607 | i | 14.26 | 13.26 | 11.6 
608 || k |) 145037) "13.03 | rie 
No. 3082 
1894, Mar. 3 
12hjom 
No. 3093 GOON € eta GAM Nnses 4 uleerert. 28.4 
1CO4m Mat Ga) 27008) 2 iA shmies 35ers st 28.0 
rrhg5m FO2 NeGanl) CAsO4U Ler O4 meme cts 28.6 
TSG || KO Welz | AAO ep osoe 28.1 
FOUN Calh UATAOM eS; 40M emer 28.3 
705 | f | 14.49 | 13.49 |....-- 28.3 
EON Hf | alee haters leostac 28.0 
FOF el LAT OOM feLScoorlee erect. 29.1 
Ao) Ge MN Ale 12) lose diac 28.3 
FL OU f a eL4ZAO (lS 4O oe etelels 28.3 
TIEN MLAs On eloes Olle is 27.9 
Pa | Gp || WALGOY |) TAO ooo ee 28.7 
Tae foal aC O4 meh S OA ml seteterate 28.6 
Pi A Yh WSIS | ORS |loGooce 28.0 
7p Jae 0S) || IERCIOP na Gace 27.9 
PIO A eNAess opel ses5. lsetecers 28.0 
FU Ze a AO WES. A@t amitere 28.1 
918 || ho \erA208" "1368 nes. 28.7 
ZAOgIM OE 1 RLATA Onn eA Ollie crete 28 ti Mle yattall ciel ayerels 68.8 
No. 3101 
1894, Mar. 10 
2ho4m 
No. 3104 Fe || Go|) TAO | IOs |) tics: 
1894, Mar. 13 F22 aC SSL Heese Tale ree. 
2hy2m 7224 PR g\eA22 hes eo?) ens sr 
W2AN Ve” 13.92 | 1202-1 re. 
FOR el MUACO2 ts -O2 Naas) | 25-OnmsQ.0. 1) 5 het 
720 | ¢ | 14.49 | 13.49 | 13.4 | 26.4 
ETE SIAC Sie | 
F284) gal S262) PLA. 2eereco 
720) \\ 03-31) |p 12. 30eieee 
730) ok) 1 al 3rG0) | eL2.SO ul) L2G 25.7uleeore 
FB2e\0+d\e TAcO2 | T3sO2a/a0s 35 
F202) | TACB2 WLS G2 Lace 
TAL NW | CA-O251 013.021) k2.0 
No. 3106 WRU era 15.00) || TAcOO. |en3ac0 
1894, Mar. 14 | 732 | b | 14.24 | 13.24 | 13.6 | 26.9 
Th5om 73a WR AAS | Tg.0S 22.7 
F327 We | Ae204| 1ee20 | bee7 ||) 2O.2alesoc7 
Yas Awe Honseah \etecsi Ween 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 


TasLE 1. Diurnal Motions of the Flocculii—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone} motion, | motion, I 2 2 4 
sidereal.| synodic. 
No. 3106—Cont'd. TE |) Qo | SAPO Te PEO TOS 
FAOW KE CARSON 13.50) |b 14,2) |) 2774) 
743 | @ | 14.95 | 13.95 | 13.5 
748 | d | 14.98 | 13.98 | 13.1 | 28.0 | 40.8 
No. 3112 VAAN ed | SVALO7 INUB-SOatAc7 2751 
1894, Mar. 15 | 745 | d | 14.20 | 13.21 | 13.8 | 25.8 
thygm 746-| d | 15.12 | 14.13 | 15.4-| 27.6 
VAT Hf \ 15:17 154-18 115.4: 27.7 
FAOn Oar et Aw7 0 ales 725 etl 
No. 3117 750 | d | 15.30 | 14.40 | 12.8 
1894, Mar. 16 | 751 | & | 14.60 | 13.61 | 12.1 
2hgqm Tig \\ 12 || ecto || TAA || Til wl 
753 \ # | 14.38.) £3.30) || 12.9 
754 | f | 15.39 | 14.40 | 12.8 
75 5u lee eA OO 113) Olmier 2.1 
ZEON £ \atAL720 1373, || 1232 
757 eet WeLALOONehs- Oa) 12.0 
T5Sr Gu We kse25 el. 20m eLOrO 
T5Ou eos | LALOOR  LBcOT Hei2eT: 
ZOO) Ceara 5 ae bee TOm Lt. 7 
No. 3121 
1894, Mar. 17 
r2ho4m 
No. 3185 7OE-\na | £4.30 \703.04 | 13.7 
1894, May 30 | 762] ¢ | 14.98 | 14.02 | 14.4 
3hr6m og |) ie all aiainRey |) Reh || awio) 
764 | e | 14.98 | 14.02 | 14.4 
FOS en I hAs2On le t3.24 aie t320 
FOO) We Sata. 7Omll sc 02k Ace 
7O7 We) |) TA2200!) 13-24 1 1336 
FOS Ge |e LAL 3O | 13-34 | 13.7 
769 | f | 14.49 | 13.53 | 13.9 
77 Ou Wee Nae OOM iel2- OFM th 2) 2422 
FILA f AAO WEES 73 044.E 
773 | @ | 14.49 | 13.53 | 13.9 
FA We LALASulet3e52 56 LAe7, e25e0 
Tihs | Ge || BIBASS) |) aoe || A) eo 
FO) (GW LA lOn |p 03. LA G5 
Tet \USesoule 2 AZM ACO E23-8 
778 | g | 14.40 | 13.44 | 13.8 
Fis) || @ 1| ZIRE) || SISO. | Sele 
780 | @ | 14.49 | 13.53 | 13.9 
No. 3190 
1894, May 31 
a555= 
No. 3191 bis | ee Nl inca || Be ee Soc 24.8 
ESO4 Ne 2ne7S2ulen | h4e200 1) 13624) |e. | 24.5 
thogm rset || 12 || SISSON) TRE Io oes | 24.6 
FOAMECR NEIACS Salk Ge67alletcler i- 25.0 | 40.6 | 53.8 
FOSmIM GH LAO Aah Us Goalie a 225 NN 2O.2 Gat 
FS || (PS wimp |, TRUE) en's ae 25.0 
TOT, Wee Walia SOnelse 34 tees 24.6 
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TasLe 1. Diurnal Motions of the Flocculi—Continued. 


| Diurnal | Diurnal 


Plate No. and date. No. |Zone| motion, | motion. I 2 3 4 5 
sidereal.| synodic. | 


No. 3191—Cont’d. FES uh kW MUAZAL MURA Se less e- 24.8 
ZEOQR ses MISeOS: eU2.00: aerate e's 23.4 
POON NE ml MLSs 7a ZrO E aerators 23.8 
YOUN et Ai eEA LOR I ESLO7 Meee cle 24.1 
No. 3196 792 TAG eESsOL ethos 25.0 
1894, June 4 | 793 TSAS eA ie ales sON SOE 
gh25m 794 13.93 | 12.97 | 14.8 
795 4.27 | 13.3% | 15.3 | 28.3 
No. 3201 797 TACT a eESSS Sal kook 
1894, June 5 | 708 VARA Sts || 1023.(0) 
r2h53m 800 13.60 | 12.64 | 12.4 
8o1 TO): |) WARE AGI 


13.60 | 12.64 | 12.4 


& 
iS) 
Og0Q OQ Oa As. FZ_o Qn Aw eA 


TALAS | 13e47 1) wee.) 27.6 
14.65 | 13.69 | 14.3 | 28.0 
15.01 | 14.05 | 15.0 


803 +k) 14:25 13525 |) 1310 
804 14.00 | 13.04 | 12.8 
805 TAL2T || 13225 i 1320 
806 DAS L325 We 2s0 
807 PACS Teese 55 (L363 
808 T3eOO) | 12204 112.4) 
809 Ese lO 12-239 12-0 
810 TALL £3.05) 12.0 
No. 3204 
1894, June 6 
12h26m 
No. 3207 Sisal fi erAcO2 ESF OON TAG 
Too04, June 1h | Suse! 7. | 1st6n 12705 1013.5 
12h58m StOo pF eAss4ni cs. Se eras 
SEF) P| 04.3643. 4onleaiass 
818 | f | 15.01 | 14.05 | 15.0 
STON ofa EAL AS els -4on east 2756 
810/| a | 14.64 | 13.68 | 14.6 
820 | a | 14.92 ; 13.96 | 14.9 
S2t |) @ | 14.35 W13.30.1-14.3 | 27-4 
S22") (Cal LALO4S ESOS ni eTAcO 
8235) (Ce 14.820) 13. COmienALs 
824 | e | 14.45 | 13.49 | 14.4 
825 | ¢ | 14.36 | 13.40 | 14.3 
826 | ¢ | 14.45 | 13.49 | 14.4 
82771 a. | TANs5or 13268 |) rae | 27.0 
S285 Sb) | SIAR 2a esez 7 enAS7, 
S265) 42 Loelial 0Aet Sule nS al 
830 | f | 14.35 | 13.30 | 14.5 | 27.4 
Sota te iA shal T4ecO mm LALoneay nal 
SoZ Zo ALOT MICtOLe EAs ome 2o.s 
Baste e TARO: | chain doi bar Dalene. 53.6 | 68.2 
834 | A | 14.36 | 13.40 | 14.3 
835 | & | 14.64 | 13.68 | 14.6 
SAO. |) TASAB wee Ouida es ciee7 Gillian cee 53.2 
8377 te BATS NTR t OS I ietig 32: ||/ "2780 Mew o.ccic 53.7 
838 i LALO. | GE4AA nO. 27. Oulees onc 53.9 | 69.2 
ie 
f 
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TasLe 1. Diurnal Motions of the Flocculii—Continued. 


Diurnal | Diurnal 


Plate No. and date. No. |Zone}| motion, | motion, I 2 3 4 5 6 
sidereal.| synodic. 
No. 3207—Cont’d. SAAN epee LaeSOcle tT 4200 i563 1028.5 
847 | j | 14.64 | 13.68 | 14.6 
O22 GaetAe Aaa 7a tae, 
No. 3211 SATE ea ME TACSZ ale ae O7lle Leo) laeyacite 39.8 
1894, June 12 | 842] a@ | 15.00 | 14.05 | 13.6 |...... 30-7) |) 50:2 
2h35m CAST Ge PLA OMlmiCn 7 Suleiak7 ‘las sere 80.1 ||) S5.0 
SARTO r4es2s ss. 3On ie Lesr 
846 | f | 14.73 | 13.77 | 13-5 
SAS Me tAeAealee4Onln nae 
SA0N | PASTAS 71a 13-02 RT SN ee heres 39.3 
No. 3214 SEOp Ome TiGes4 aD 4e OM lace cen 272, 
TOOA UNE ISTE CST fy ebAe4Oul sess) loses as 25.9 | 41.8 
2ho7m Se | FF | Tldsie || SRG og Soe 25-4 || Al. 
BUN Te || hit sGasye TOSS ON leaden 25.0 41.3 
SSCP MOA NDAR27 seen 32h lene. 25.0 | 40.4 
SEG ee) ee Aaly senor o2ale. ee ee 25.0 | 40.0 
No. 3216 857 | / | 14.52 | 13.57 | 15.4 
1894, June 15 | 858] f | 14.34 | 13.30 | 15.2 
Trh28m SEQr Alle OmeI3e 75) 8l5-0 
860.) f) || 14:87 ) 13:02) 15.8 
Or | Ve | TRA ia aye | asl 
862 | GalEsaiduieias TOME TO. rT 
863 see te 50 Iss OT Sar alin crers 43.6 
864 | # | 15.23 | 14.28 | 16.2 
S655) |el4eL7 |) 13.2241) 15.0 
866 | d | 15.05 | 14.10 | 16.0 
8675) AS eiseid ede tos) LO,2 
868 | f | 14.87 | 13.92 | 15.8 
869 | é@ || 14526 } 13.37 || 15.1 
S70 PA LAG Sy WeliGe43 ale Ae Ol cererster- MA | EEO 
S7r le) \eiAOr Ne1G200 nS. 
872) iCal ES LOOM EAcOAmnIaes 
No. 3218 S730 eee WA eI aeNGk 22 aia aaere = 27.2, NES 7 ol 
TSO4eMMe LO! eS 7A eee || LARSON 19.85 \\a. eel DSTA MNS 7.715 oe40 0367 
2h4gm vig || oF ||| Ue kee || SIA lao aco 28.0 | 36.5 | 51.4 
876a1) ad ||| T4655) 13220) |e. 27.U MN 37e8 
S77 a ea we dc AO Meuse SA lemeverer. 26.8 | 38.3 
No. 3221 878 | d | 13.80 | 12.85 | 9.2 
1894, June 18 | 879 | Bb | 15.20 | 14.25 | 10.2 
4h45m 880 | b | 14.64 | 13.69 | 9.8 
SS raerO) 4e50lise55uecO-7 
S82 b) 14782383) 0.0 
883 | d | 15.20 | 14.25 | 10.2 
884 | f | 14.92 | 13.97 | 10.0 
S85) | f |) 14.08) 13.13) 9-4 
886 | f | 15.06 | 14.11 | 10.1 
887 | # | 14.65 | 13.70 | 9.7 | 25.9 
888 | 7 | 14.50 | 13.55 | 9-7 
SSO uefa i422 ts. 27 5 OLS 
SOE icon |) £4.28. 19 £3633) 10.5) | 25.2 
892 | f | 13.80 | 12.85 | 9.2 
893 | f | 14.43 | 13.48 | 9.6 | 25.5 | 


30 THE ROTATION PERIOD OF THE SUN AS DETERMINED 
TaBLe 1. Diurnal Motions of the Flocculi—Continued. 
Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 
sidereal.| synodic. 
No. 3223 890 | # | 14.40°} 13.45°] 15.7 | 26.4 | 40.5 | 54.4 
1894, June 19 | 804 | d | 14.43 | 13.48 | 16.2 | 26.5 
ghs6m 805 | e | 14.58 | 13.63 | 16.0 
No. 3228 896 | d | 14.54 | 13.59 | 10.8 | 24.9 
1894, June 20 | 807 | 4 | 14.92 | 13.97 | 10.7 | 25.6 
2ho7m 898 | @ | 14.59 | 13.64 | 10.9 | 25.0 
800. |) @ 7) 14-20 1322091 910.3" P2473) 
900 |g+z| 14.01 | 14.06 | 11.1 
GOI |e ala c25 aia sOnetO-.5 
Gon |) | iiasy |) aGeo || Gog 
OOsN C4770" |ers-Srn 10.00) 2522 
904 | ¢ | 14.44 | 13.49 | 10.1 | 24.5 | 38.6 
QO5 ea) TA-75) 1913280) 0.0 
QOH o> 15-20 eras r are .8 
908 | z | 13.61 | 12.66 | 10.0 
909 | & | 13.69 | 12.74 | 10.0 | 23.1 | 36.6 
Oui) || Wl tei gal? || anise | OA) ates || Bksie(6) 
OL3 Hh 188741 2. 7On) LO 
O15.) €91813200) 913-044) 10.3 
g16 | e | 14.75 | 13.80 | 10.9 | 
OL7 | fF LASS 13635) Elo 
No. 3232 OLS OM EASUO enor 2A wie es 7aleezac 
TSOA MINE 2a OTOM) € iide75 ers soulmrAed 
ghogm OZOn\CMe13.900) | 12:05 W1S.28) 2070 
O2T | ae) | SL4ES7 We a0? Wideseeeoe3 
O22 |) (6) T4e20 det sesqul T4cOm 2757, 
No. 3239 O24 ge VerSasOue i Alas i etAso 
1894, June 22 | 925 | b | 14.99 | 14.04 | 14.5 
1oho7m O20ie2 Wt4sst Tassos} ses 
O27 WER MOA. 22 os 27 aer 3.7 
O287 Cm eUAR2S Nitze 20 MARE se sere 39.5 
Q200|) e_1ss7Ose 12075 |e13.2 
No. 3241 340i OL An SO memaeOi |. seers ASIN lnonnde 53.9 
LOOA, oe 23 MOSS wee | TA AO Massa Gc tleeea. 25 aQiiinecenree 53.3 
Tobsqm 
No. 3245 936 | @ 4 T4201 | 13:06 lec. es 28.0 
TSOA Mune: 25 a) O37 mime ae LAs oT Mie lea COsiae eras = 20.8 
gh4qm Gwen || ee | aileGGy || ancl Py |\ Avila | 
0390: £9) 14:50 | 13:55 jases es 28.0 | 44.1 
O40 HIS. E408 Wegener aieae | 27.0 | 43-3. |_ 52-4 
No. 3247 O41 | 7 \14.Go }) 13265 |) 172 27-5 
1894, June 27 | 942] i | 14.95 | 14.00 | 16.7 | 28.0 | 
ghs3m 043 | @ | 15.00 | 14.65 | 17.8 | 28.1 | 
O44 | fF NewS rou eders seo | 28.3 | 
045 | & | 14.95 | 14.00 | 17.5 | 28.0 | 
No. 3253 O30) ia Viet4 54 Wie.sO erOrt | | 
1894, June 28 | 946] f | 14.14 | 13.19 | 9.8 | | | 
4hosm 047 | | 14.27 | 13.32) 0.9 | 
948 | ¢ | 13.46 [a2.st | 0.3 | 
| 949] ¢€ | 14.95 | 14.00 | 10.4 | 
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Taste 1. Diurnal Motions of the Flocculi—Continued. 
. Diurnal } Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 
sidereal.| synodic. 
No. 3253—Cont’d. O50) 4) 1 |13.37 72.0291" @.6 
O51 | g | 14.95 | 14.00 | 10.4 
952 | g | 14.95 | 14.00 | 10.4 
0535) a || tA-at 13-46 | 10:0 
954 | & | 14.54 | 13.59 | 10.1 
O55 eel Aas ers sO) 9.8 
963 | ¢ | 12.79 | 11.84] 8.8 
964 | d-| 15.48 | 14.53 | 10.8 
OOS m2 1Ss735 L270 aOs5 
No. 3258 
1894, June 29 
ohss™ 
No. 3265 966.| f | 14.75 | 13.80 | 16.6 | 27.0 
TSOA ly 255067) |p) eas500/en3-01 |Loss 
1ohr2m 968 | f | 14.390 | 13.44 | 16.3 | 26.3 
969 | d@ | 14.23 | 13.28 | 16.1 
970 | a | 14.15 | 13.20 | 16.0 
O71) |b) | si4atO) 3240 16.0 | 25,0 
O72Z0 NA Ph3-62" 2-07) |) ESO 
Ovi) A | eins) || eon aes) | eye) 
O7ARImO  |Si5270 1tAs70 27-0 
O75a eo a eiAsOS ais 7OUEL 720 |) 272 ond. 
O76, | 6 14275 193780) | 16275\) 27.0 
No. 3272 O77, | @ 14.30 | 13-44 | 14-0) || 27.0 
1894, July 3 | 978 | a-| 15.20 | 14.25 | 10.6 
3hy8m 979 | g | 13.32 | 12.37 | 9.2 
980 | z | 13.84 | 12.89 | 9.6 | 25.9 
981 | f | 13.99 | 13.04 | 9.7 
OSZE Ne NTA Onn ko75 sadOusm |e 2780 
O84ATe || 1434 13380) |) 928)! 2620 
O85q|a. ||) E500) | F4s14 | a0s7 | 284 
986 | f | 14.65 | 13.70 | 10.0 | 27.8 | 41.6 
0877) Gets i07 nia ele 4) 20.5 
No. 3279 988 | a | 14.55 | 13.60 | 17.2 
1894, July 4 
ghogm 
No. 3284 990 | d | 14.64 | 13.69 | 13.0 | 27.6 
TSOAy Mlyas WOOL | wf eLAsss) ak Se4OneE2yS) | 27s Lal eseaiss 53.0 
3h30m 06290 f 814538) lersr43) le 2to) ||) 27-1 
993 | f | 14.34 | 13.30 | 13.1 | 27.0 
9047 f5) 14220) || 53525 11330) |) 2627 
005) |) fo | r4-14 13.16 | 1236. | 26:6 
(Noor ve || aYbete) | ey igs a ey 
No. 3286 toor | f | 14.89 | 13.94 | 14.9 
1894, July 6 | 1002 | &# | 14.52 | 13.57 | 14.5 
2hi5m 1003, || f) |)'13:06"| 13,01 | 1350 
1004 | A | 14.80 | 13.85 | 14.8 
No. 32093 TOOK es |) -132907 |) 13-02 || siete Bee 
TSOAs lye We LOLOM me fan eD4cOOu l= LG) 7AM Merce rs 26.6 
| 3hs54m WOU | JA WALLO | 35/0) No aoe 26.7 | 


32 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


TasBLe I. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone} motion, | motion, I 2 3 4 5 
sidereal. | synodic. 
[ 
No. 3205 LOL 3) yao) L426 “13h 2 ele cee. Pula) || Sterne || ees 
TSOA MUL TON| LOLA wccal RUS An ines OM iterate 2O2AGIE30.2 54.0 100722 
2hg2m TROLS ean I TION ee doar 24.90 
LOLOL 7 302 alee 208530" 
LOU ZAG aietAaa OMCs Salemi. 2522 
Wome: Ih ve | AEE | TANCE |e oa oe Py) 
LOLOM | 2 Mel A.O2 sel O07 eerere 25.8 
TOZOU|| Ne hele sO) |e seo a eee BD) 
OZ) || Yd || MEARS TIRE ac ooc8 22.4 
WOZEE| 472) |) Ghee ae. | TAO Goon 23.4 
No. 3300 1O250|) 2 TAs Tens dona. 
1804), July 21h 51026) eer spoOml i405 qen sso) lesOnral eases 
rrhgom 1OZ7 see We tARG2 Nerse 57a see 
Os) || 9h | AA) ELAS || Ta 
LOZO | eyeen enAe2 Tallin 9 220) lle 2. 
LOZO) |) a n5203) | eEAsOSaler 3.7, 
LOSTA |e Guiles Ae 2 s\etoe 7 emae 
LOZZRING Met SeeAnlelALzonien 360 
1033 |) € Wt4A2 03.479) 12:8 | 28.6uleAT.6 
1034 | @ | 14.95 | 14.00 | 13.8 | 29.6 
LOZ 5 alas hese 2O eA. 3220) ses0.8 
UGS i ce | ase || iat | meso | Ziay.3) 
LOB ZAG mel 5203) eA OSniet sey 
TOES || Ve | Ae | RSS || Teak 
TOZOM ey WeiAGO2 ens-O7 lise 
TOA fs etARAT eto Oe ia at 
OAL | 2 WetAs52 50357 03.2 
No. 3303 1042 | g | 14.85 | 13.90 | 16.1 | 29.4 
1894, July 12 | 1043 | g¢ | 14.25 | 13.30 | 14.9 | 28.1 
1rhorm 1044 || || e400 |) 18705 15-6 |) 20.65 
1045 | @ | 14.95 | 14.00 | 16.3 | 29.6 
1046 |at+c| 14.65 | 13.70 | 15.6 | 
1047 | @ | 14.74 | 13.79 | 15.7 
1048 | & | 14.48 | 13.53 | 17.2 | 28.6 
No. 3308 TOAOM rea RT AROO Mie tce 7AllintsOule eee 40.4 
1894, July 13 | 1050 | ¢ | 14.06 | 13.11 | 12.8 | 
2ghgim LOS Mere ae L3ui5 5a b2-00n| nee3 
£052 d | 14.08 | 14:03) || 13.7 
1053) ff | (24.57 |13762603.3 
TOSSA) “ear a eraey OM iet san 
TOS Sa Uk: ol ab4.2O esol as .0 
LOSOmie a BTS -OOUens OT Wma 
TOS7aee. | UhAs 7am hO mies 
TOSS aed ulandss7 sane cameras 
10590 | & | 15.39 | 14.44 | 14.1 
NOON Ga | WA eeu |) eo | 
1061 | a | 14.98 | 14.03 | 13.7 
LOO25| sa) | 1SeOOn rAd Were28 
No. 3310 | | 
1894, July 14 
thgom 
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Taste 1. Diurnal Motions of the Flocculi—Continued. 
Diurnal | Diurnal 
Plate No. and date. No. |Zone]| motion, | motion, I 2 3 4 5 6 
sidereal.| synodic. 
No. 3315 TOORMIN Gl 15-25 cbs COch 15.7 
1894, July 16 | 1064 | f | 15.22 | 14.27 | 15.4 | 27.4 
12hs5gm 1065 | d | 14.16 | 13.2T | 14.5 
1066 | f | 14.52 | 13.57 | 14.9 
LOO/ ale TACOON| 1G-O5uel5.2 1) 2053) :42.7 
1068 | @ | 14.55 | 13.60 | 14-3 | 25.5 | 41.5 
No. 3319 TOOOm |e da. 15-200 et 2 Sialic: 27.9 
1894, July 17 | 1070 | f | 13.50 | 12.55 | 10.3 
3h20m LO7Z 4 fe I TAA BSa5 2c led 
LO7Z3 ed) et4cOOn | tA Ola elas 
TOZAG 2 WeU5 20) PAV Syl crrerere = 27.9 
TOT Sie |e cl et Ae hanes A Own acter Pgkgey locus 54.0 
No. 3320 LOZ dl Sieh 27 Om TASS 
1894, July 18) 1076) @ | 14.43-| 13.48 | 15-4 |..-..- 43.0 
Irho2m 1077 | d | 14.70 | 13.81 | 15.7 
1078 | k& | 13.44 | 12.49 | 14.2 
WOyio) || Ff |) eee y/ Wie || tec: 
ROSEN 2) tA 27a) LS -S2u eh 5 Olle aici 42.5 
TOSZule Cu lt WA OSai aan Cues. 20 ener es 41.9 
TOSS ules 1 LAST 7a GeO ay LS eAulance ee 44.1 
TOCA ae, |) TAL 2 tai 132 20inie TAO) |hy-aserse 42.3 
TOSS a IGua etAs5 5m) 13. OOM tS. 5 
1089 } 7 | 14.06 | 13.11 84.9 
LOO lew |) 132530) 12-50n tes 
1ogr | & | 15.29 | 14.34 | 16.3 
No. 3326 TOOZ Wad: I TALOOm) ESA0A le wees. 27.0 
T804,-Jaly 1G° || 1093 |b +d) 13.565) 12.601 |... -. 25.9 
2higm FOOA | €) |) 13-00) || L304 glaaee - Za Oiebate ste 6 = 52.1 
No. 3333 LLOU eee iN L4-OOM es O5all aca. 26.5 
TOOAalya2t |TTO2 | See EAL A2wE NS’ AOwlsactersr. ZO. Ou score oe 53-4 
3h37m TLOGIH Ee Ode DAs OAM IETS * OOM stcratsiels 25.4 
meee || (2 | setae |) WEES Eason ZS lee oop 52.1 
TRO7Ze Peles sale 13.3 7alnacr ae 20: Till Sai claves 53.1 
THOS Canis SLO20 ele. 07M laeete ee 24.6 
TUS ee LA OS mie Loe O 7alleitaters/= AiO) CoD oere 55-4 | 69.0 | 81.9 
No. 3338 ionien|| 72 tl Tour | Sie Ns oar 27.0 
TSOAG Nikya2sq er eOm| ed ale WAR O2alle ts COM |emeterer- 28.0 
2hj2m ang? |) Ge |) Bes | TAY ono 5c 25.7 
wininey |) 72 || GiAgeey | eA Co ococ 20.5 
rena) | et Slo | MAGoVy oc acne PAS SG] ||. ERO 
HIZO yee ee oan 12? SOM een: 20.0 
mig} |) fe || ARBiozey |) WAKO) bo sane 24-6 |-39.7' | 52.3 
No. 3348 TL25a en NLS. 780 l2-O2 ale teed) 1825.0) | 
1894, July 25 | 1126 | g | 13.68 | 12.72 | 12.1 | 25.7 | 
2gharm ay |) aioe || Geese |) MIGee || lO 
LUZ SWINE eS .O7 ae 13 Ol alel3-O 20.3 
E20) beds | 14,07 1) 13:70 14:3, 22757 | 
1130 | d | 14.50 | 13.54 | 13-7 | 
iver || 2 || ALO ys \l aWZinons |) alge) | 
TUs2i vcebd4e5 70S. Ola, 13.8 | 
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Taste 1. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal | 
Plate No. and date. No. |Zone| motion, | motion, i 2 3 4 
sidereal.| synodic. | 
No. 3348—Cont’d. | 1133 | ¢ | 13.87°| 12.91°| 13.1 
DISA eo) tA O7 a AEE wer sn3 
PUSS eC) iar LOM ele. 23mk2e4 
TIZOU ae 05.20) f4-304 44-5 280) 
No. 3354 TI38 | 2 || ¥4.38' | 13.42) || 1325 
1804, July 26 | 1139 | g | 14.57 | 13.61 | 13.7 
2hs5gm PUAO |e) |) 14.57 1 S-Olnh m367, 
DIAL |) ao 5-07 erate | kA 2 
TI42 | of 5-37 14-4 4.5 
1143 | f | 14.86 | 13.90 | 14.0 
TE44 | 2 || 13.08) 12,127) 2.2 
ELAS lee ol 3.87 12-010 
UUW PO ie lgoy | segherray | ek: 
TDA7Z. | ei kAO7. | 14. Ul NES. 2 
No. 3355 
1894, July 27 
3ho7m 
No. 3366 PTAQ Aes sehALOl ae scOSn ence. 24.9 
EQOAs July Zo ueELSOne 2) iA OOM LS. 0O) nerves. 25.0 
ph4gm WEST ee: il EA. 70 NES <S3 ah weaers 20.2 | 40.5 
EUS2 |) 2) Wea AO ls Aq. ace 2a Se sOn7 52.0 
TU53) 1) e> Nba OGulleieae ie) terre wracs 257. 38.4 
No. 3374 1154 | ¢ | 14.86 | 13.90 | 14.0 | 28.2 
1894, Aug. 1 | 1155 | g | 12.94 | 11.98 | 12.2 
ryh37m TIOL- | € | 14.64 | 13.68 | t4.1 | 27.7 
TIOZ 5K 6 4) 13/039 12.0781 1e.2 
1863, fa! |) U5slk ) Passe) 14.4 
TiO4y | a 1G Dh. U4 wee 1A 
L205 ( @ ||| TA.520 135569) E42 | 374 
1166 | a | 14.71-| 13.75 | 14.0 
TIOZ | Zeta 625) 13.569) 13.6 
TOS Ney Nl 3iS3 | ee2.S7 1 ns 
L17O) 0 a 42229) 3.26 1s 5 
TI7L | a | gO er3.054) 23.0 
LEZ eC Net4 700 a3. SOn| 42 |) 27.0 
No. 3382 1173 | e | 14.46 | 13.50 | 13.6 | 28.5 
TOO4 AUS. 2 | TL7Z4 2 wens. 728 tee 7Om res 
12h93m T75ai) 2 eb4cOlats.O5 a weer 
T176-| @ | 15.01 | 14.05 |) 14.1 
LIZ 7a e | | PAcOlerstOse arse 
TL7S |e 1| X4650 hy LskShees.0 
TL7ZO) |e we Aay ree eee eres. 8 
TL8O. | @ | 14.804) 13-65) |) 03.9 
DISH erdSr 13.85) .13:8 20.2 
DES2 ue | t4ed NTS tAs a enses 
TLSSH) a Weld reer Ge roey alo ae 
LiSd ve. | TsO) \tegr23 (o12-7) 127.0 
1185 } @ | 15.00 | 14.04 | 13.7 | 20. 
LTS!) je) 5| ade 2uaesees Hera ss 
DLS") ors) Tal T We rsens ie nse2 
LISO | la eiAcD De eS eM en gee 
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Taste 1. Diurnal Motions of the Flocculi.—Continued. 


Diurnal | Diurnal 
Plate No. and date, No. |Zone| motion, | motion, I 2 8 4 5 6 
sidereal.| synodic. 


No. 3388 TLOUM Efe | E5.O0e tA O5cN0s 5 
1894, Aug. 3 | 11902 | a | 16.01 | 15.05 | 16.6 
12hogm E193 | @ | 16-30) | 15.40 | 17.0 
No. 3394 TOA a eee ARO2 ems nOONlse ares « 28.4 | 40.6 
TOOA AUS HAN eULOS || mefmuleLAcO7 all 37a secrete 28.2 | 40.8 
2h37m TIQOON A TACAT ONT OAST eos nc 27.3 
No. 3398 DIOZ || a2 1) 14.60) |, 13364") 13-0 
1894, Aug. 6 | 1198 | d | 14.50 | 13.54 | 12.9 
3ho7m TLOO GE ven led tele Sey Seno aT 
1200 | ¢ | 15.44 | 14.48 | 13.8 
120 | CuleeArcOuled 350 3nlets co dlea7.e 
E2025 |G et 4 5ON ee s54ulet 2-0 
1203 | ¢ | 14.82 | 13.86 | 13.6 | 27.5 | 390.4 
1204, | ¢ | 15.12 |) £4.16) |, ¥3-8 | 28-4 | 40.2 
1205 | ¢ | 15.44 | 14.48 | 13.8 
1207 | e | 15.44 | 14.48 | 13.8 
TZOO MG EAee 5 el. 20 We 2) 520.2 a7. 7, 
T2TOM I Gl LAZO ES, CON t2.7 || 27-4 eoe2 
TOMO en ides Tule diets. 5 e27.20es8e 
T2025 ol 136432520224) 24.8 
T2T Cull TA sO meas lee-7 120-5 
T20A We alt 4.04 en 3.0S) ik 1350") 2720 
1210 4a | di5eks |ee4 D715 
P27 a DS ak Silene S 
1218 | a | 15.02 | 14.00 | 13.4 
T2190 | g | 13.84 | 12.88 | 12.8 | 25.2 | 36.6 
TAA a | TARR) Tp ey || ae 
122350 Gl ALO? sleds. O0lerae3 
No. 3405 1206 | g | 14.64 | 13.68 | 13.3 | 25.8 
EOOA AUS Ze 1205 scl a Aa sles 7) ek Say aic20.0 
Th5gm 1220 | ¢ | 14.98) |) 14.02 | 14.3 
1221) || ee AR One. ean 2.5 
1224 | ¢ | 14.79 | 13.83 | 14.0 | 26.1 
1225 |g+2| 13.71 | 12.75 | 13.0 
1220 | ¢ | 14.60 | 13.73 |, 14.0 
1227 Ne oo ae5e 25 eA. B2 ial 4.3 1) 27.0 
T2200 ae. GO ata AON ats. 2027.2 
No. 3411 T2ZON re mets sOn ek 4eAse | ene.5 
TOs AUS. S230 |) el) 14203.) 13-07) | 12.1 
2h28m T2328) 0 eo | aS -O 5m els COr el 2-2 
T2335) ee ued Olea S-O5 nen b-8 
12394) 2 415-00" 14220 512.3 
1230) ed MLA OB MEL SeO 7a eta 
1237), Co 24.03 13.07" 1220 
No. 3417 
1894, Aug. 9 
rrhy5m 
No. 3424 E230 meh eet Ant Om Weta 20. lemrereles 28.1 
1804, Aug. 14 | 1240 | f | 13.83 | 12.87 |...-.. 27.4 
rohs6m T2A Td OP UAGZ5 3620 emeretel 28. 
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Taste 1. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 


Plate No. and date, No. |Zone] motion, | motion, I 2 3 4 
sidereal.| synodic. 


13:09!) wls.0241 3 4m 
13.20))/12.33 || Dae4 


No. 3424—Cont’d. | 1242 | ¢ | 14.96°| 14.00°|...... 29.8 
E243 (a) WAeAON 1253) ae aeel 29.2 | 42.0 
T24QM! (e || $4428 |) 13-32 Fac se. 28.4 | 41.4 
1255 id a) YAs025|| HL -OONeere sar, 27.8 
T2524Ne u3273. e277, [eres Phy Pe 
No. 3429 12531 |) Taek) 803-167 $0353)" 24.4 
1894, Aug. 16 | 1254 | e | 14.05 | 13.09 | 13.4 | 24.3 
2ho2m B255 Cay. CAR a absence et 5o 
1256} c | 13-80!) 12:03) | 2227) | 24-0 
1257.) @. | £4.04) 03°08) 0355 25.4 
F258.) o | 442") 346091322 
UA) Ne, Nenad |) avec || areal 
7200) || ¢ |) Tae72e|3. 760) ses 
1201 2a VA OVNI Onn easeG leche 7, 
1263 | m | 13.60 | 12.64 | 12.4 
1264 | f | 14.01 | 13.05 | 12.8 
1265 | f | 13.99 | 13.03 | 12.0 | 24.2 
1266 || 9f) | 152037 |914.077| 55328 
1207 Nf) | 133700) 124740) 22.5 
No. 3439 TZOSi ne E5602 1142000) 1253) 
1894, Aug. 17 | 1260 | € | 14.45 | 13.49 | 11.8 
th35m T2709 a) | DSeO2a| et 4e OO er2s3 
T2702 | TALO7 9 | e1se70 wit 220 
272) | a Web5<25) eae 200 kes 
T2729 PW Uses a ebAek fated. 
BRE (ge mele) | Te sey || ger 
E275 ce || TALO7 13-75 12.0 
1276) a | 15.47 | 14-505 | 1227 
E277 aa LAs 7a et Se7 tan 2:0 
T2738 ao 15270) |) r4. 74a 1269 
1280 | b | 15.02 | 14.06 | 12.3 
T292M0é 413.700) pE2-60) || dee 
£2830) #1) id SOmens 00) et h.0 
1284 | 9 | II.70 | 10.74] 9.4 
T2850 7) D273 elle 7aetOne 
WSO Pe | ASS | Aas? | TUL 
1207.) gil LS-56 i257. |e LI0 
No. 3441 
1894, Aug. 18 
Toh3g5m 
No. 3447 1288 | h# | 14.48 | 13.52 | 13.6 
1894, Aug. 21 | 1289 | d | 14.36 | 13.40 | 13.5 | 26.9 
Toh52m 1200 | 6 || T4278 | 19-22") 1335 
E2014) co) D4eSSalerso2 a etd .o 
1292. e | 14.48 | 13.52 | 13.6 
L203 eon) 1S -OSm ee O2mens er 
1294 | f | 14.48 | 13.52 | 13.6 
TAKS) || Fe tveleszes) || GR || Taio 
12077107 eLA.08 Weiss72qnns.s 
T2908 Gime WPA Sa ens a emies 
1299 | e | 13.93 | 12.97 | 13.8 | 26.0 
h 
1 
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Taste 1. Diurnal Motions of the Floccuwli—Continued. 


Diurnal | Diurnal | 
Plate No, and date. No. |Zone| motion, | motion, I 2 3 4 
sidereal.| synodic.! 
No. 3453 Op | 2 || RA Teall pe 
1894, Aug. 22 | 1308 | 6b | 14.77 | 13.81 | 13.8 
Irhoom TOON te Caren 4eeonl ets 32. eTStO| 28.2 
TIO | I) GALA) |) Ti tte Ml ais 
eatin |) MMA Gey eie |) aie} 
WEA fad Gene | atetenn | arate 
T3103) eee | l4s5 7a eG Oller sO 
MO Na Wl ay nigp Il sae || Sigh ee 
Tew || ce Nae e AI We lie |) 366 
ieuiGy ji fee NG | awe tone |l Tah (6) 
1318 je+g| 14.75 | 13.79 | 14.0 | 29.2 
T2TOM Seen AL TAG IS. ou letos4ul 2720 
No. 3456 WeviO) || fh |) Seek teteh |) Tae || Ivife) || Beye 
1894, Aug. 23 | 1321 | d | 14.30 | 13.34 | 14.9 
Tohs5gm 1322)| 9k) | 13°04 1912408 |er4s5 
1323 | m | 13.85 | 12.89 | 14.4 
13240 ee TAS 4) 812s to erAs3) | 20-6 
T3250 eo er stOSa i272 \en4e2 
No. 3462 AON Gh |) TWA) | Te Als. | Teo) 
TSOA AUS 240 13275 fF \el4e22 Ne 13e25\ei2t0 
thg7m T3290) 7 334 ai237, ens 
1329 | m | 13.89 | 12.92 | II.7 
1330) || 2 | 13:08 112104 7) 10:9 
13324/—-k |1378 | a28r erm 
133301 6 \et4es3 (13 e30- eer 
1334). Bb e4-00" 1213.03 JerieS 
No. 3464 
1894, Aug. 25 
rrh3ym 
No. 3467 1335 | @ | 14.24 | 13.27 | 13.2 
TROA AUS 3 13S 7e On lel4arAtelsai7 |ens an 
2hjgm £339) | o—-|7 13.0471 12,07 | 12:0 
T3GOn ee f2s53u le tssO se LE 5 
1340 | g | 14.04 | 13.07 | 13.0 
1341 | ¢ | 14.95 | 13.98 | 13.9 
1242) Cees e4nieish2 lense 
TOAA I Cm eAScAnledse27 |letae2 
1345) | a l4alay i 13e07 sed 
1346 | i | 14.34 | 13.37 | 13.3 
1347 | a | 14.85 | 13.88 | 13.8 
1348 | g | 13.94 | 12.97 | 12.9 
1349 | f | 14.24 | 13.27 | 13.2 
USSOn| a EGA ale E27 gal ize7, 
No. 3473 
1894, Sept. 1 
2hrom 
No. 3476 esta! Wedel atay (Cowl) AR uc alleges 38.1 
1894, Sept. 5 | 1356 | m | 13.67 | 12.70 |...... ALDEN || R70 
2h26m Wei? || il TiZNieroy || AI COR on bic 26.6 | 38.9 
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Tae 1. Diurnal Motions of the Flocculi—Continued. 
Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, I 2 3 4 5 
sidereal.| synodic. 
No. 3479 
1894, Sept. 7 
2h52m 
No. 3488 1377 | d | 14.91°| 13.93°| 15.0 | 27.6 
1894, Sept. 17 | 1378 | d@ | 14.91 | 13.93 | 15.1 | 27.6 
2h32m 1379 | d | 14.91 | 13.93 | 14.8 
T3800 2 WTS .C5ah 14.67 (ad 536 
1381 | f | 14.46 | 13.48 | 14.5 | 26.7 
1382) d P5230 |) taes3 4015-0 | 28-4: 
1383500. | SUSI tela er 5.0 
1384 | @ | 15.10 | 14.12 | 15.0 
ISS5a) 2 14.05" | 13,07, 14-4 25-0 
T3808 2 AEDS a seh7, et 4oulte 20. 
1307) 2 "13.70 P2572 dO) 25.2 
EZCCr eee al aesO Ned Gabo: lect 4 26.9 
T3280) |) 2 | eh4e40n e342 e423 420.0 
EZOON ee TP TAsSS elseh 7 Weka3 |) 27-Obllere etsrecell oie's sere 67.6 
13901 | b | 14.75 | 13.77 | 14.4 | 27.3 
1302) Ol A634 13-80" id.2 
1363) a |eSe1O Aer 2 ers.0 
1304) |) a |) k4e72) saa -O 
TSOS ed NtAsOSe els eO 7 mers «OMe 7 
13900 | f | 14.65 | 13.67 | 14.6 | 27.1 
1307 | f | 14.00 | 13.08 | 13.9 
1308.7 VeLSslOu ela 2ajed> <0 
T3900 1d NAS |ers a7 ehh | 2OUE 
1400") 7 || 23.60.) 12.71 113-5 
1401 | g | 14.35 | 13-37 14.6 | 26.5 
1402 | z | 15.00 | 14.02 | 14.9 
TAOS IED MITA L7 2 lela e7aaet4.O 
T404 led Wl) 14270 || 13-78" |) 14.7 || 27.3 
1405} a | 14.82 | 13.84 | 14.7 
TAOON | 24\e 0325 el 2337) [aL 320) 2405 
1407 | 6 | 14.56 | 13.58.) 14.5 | 20.0 
TAOS MAD MLAS Ou ens OO se ACO nll 7-2 allem cris) eereteer 67.7 
No. 3493 TAO Melee], ere 20 lene 
T8904, Sept. 18 |) 1420) eh adseGl ler2.53) LES 
4ho3m TAIZ Of 14238 01s. 4OLl e128 
PATS a oA) LS O32 OS lst | 
TATA 2.) 13.63) 1) 12.85 \r1-8 
No. 3498 
1894, Sept. 19 
2ho5m 
No. 3503 ¥4UZ. |g N13.90 1 PBFA cass 23.0 | 37.6 | 51.4 
1894, Sept. 22 | 1418 | g | 14.04 | 13.06 |...... 24.8 | 30.2 
Thgom TATO*| si) T1884) TOs004 hs. aon 20.5 
No. 3507 1420, |e 3.75) eet 77 aleides 
1894, Sept. 24 | 1421 | e | 13.40 | 12.42 | 13.9 
Toh53m TA22 | Ya. |) 14.20 13222 |PLALO |) 28.2 
TA2S aa MARSA. Wes. sO Wet l28.5 
1424 | @ | 14.77 | 13.79 | 15.3 | 20.4 
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TaBLe I. Diurnal Motions of the Flocculi—Continued. 


Diurnal | Diurnal 
Plate No. and date. No. |Zone| motion, | motion, i 2 3 4 5 6 
sidereal.| synodic. 


No. 3507—Cont’d. | 1425 | a | 14.38°) 13.40°| 14.7 | 28.6 
1426 | g | 14.44 | 13.46 | 14.8 | 28.7 
DA2ZTAlN a wi -tAa7A 13.701) 1504. 
No. 3509 TAZS ales 1474S TasOn) 13.7 | 
1894, Sept. 25 | 1429 | e | 14.18 | 13.20 | 13.4 | 
thgsm 1430) g | 13.79 | 12.81 | 13-0 
G4AZT | 29) 14.50.) 13.60) |) £3.86 
1432 id s\et3OOM | 12.70) 1226 
TABS) SAato | 1a. 20ule 13.4 
. 1434 | A | 14.58 | 13.60 | 13.8 
1436 | ¢ | 14.58 | 13.60 | 13.8 
No. 3516 
1894, Sept. 26 
2ho6m 
No. 3528 TAZOM Outs. Souls a5. er het 
1894, Sept. 28 | 1439 | e | 14.57 | 13.50 | 11.3 
2h34m 1440 | ¢ | 14.93 | 13.95 | 11.6 
TAAD EG STA ca Toray Tie? 
TAA2 et eA Anes CA 72) Uli 
TAA) TA. OON  T3.0 tl LOLO 
TAAA |S feel eLARe Set sea oi) Tue. | 
T1445 | | 13.85 | 12.87- 10.7 | 
TAGZe TA OO) g13e71.| Lied | 
1448 | 5b | 15.05 | 14.07 | 11.7 
1449 | a | 13.97 | 12.99 | 10.8 | 
1450 | @ | 14.45 | 13.47 | 11.2 
TAS TM eon ele ote Aho on el TO 
TAS2 Call eA Zl) 135 23h TT O | 
1453 | @ | 14.8 | 13.83 | 11.5 | 
| TABLA || eon) T5e1Ga) 14-20 ht. | | 
| 
No. 3533 
1894, Sept. 29 | 
roh3;m | 


The diurnal motions (é) of all the flocculi lying within each zone five 
degrees wide are grouped in table 2. The mean diurnal motion for each 
zone, together with its probable error, and the equivalent rotation period in 
days, are also given. In deriving the mean, the diurnal motions are weighted 
according to the interval in days. 
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THE ROTATION PERIOD OF THE SUN AS DETERMINED 


TABLE 2. Diurnal Motions Corresponding to each Five-Degree Zone. 


° 


[Zone a=0° to 5°. 


Mean Diurnal Motion = 14.72° + 0.031.] 


Diurnal Diurnal Diurnal Diurnal 
No. | Days.} motion, No. Days.| motion, No. Days.| motion, No. Days.| motion, 
sidereal. sidereal. sidereal. sidereal. 
98 I 14.67°|| 819! I 14.64°|| 1030 I 15.03°|| 1193 I 16.36° 
106 5 14.62 820 I 14.92 || 1034 2 | T4.05 || 1216 I P53 
104 Bh erse50 821 2 | 14.35 |} 1035 2 Ne 1oe20. |) aoe I Toons 
gI I 14.060 827 2) | 14.50) ||| 1030 2. | 14.82 ||) 1218 1 5) 05202 
107 2 13.80 842 4 15.00 || 1045 2 14.95 || 1229 2 15.30 
302 2 | 14.57 || 853 3 | 14.75 || 1046 I | 14.65 || 1243 3 | 14.49 
AiO | DP | 14034-|| 877 | 3 -|-t4eagi|) 1047] 1 | Egg I) re7G" |) PP aaaZ 
AII I 14.79 808 2 | 14.59 || 1060 I 14.26 || 1277 I 14.607 
455 I 15.05 809 2 | 14.21 || 1061 I 14.98 || 1278 I 15.70 
472 I 14.31 936 2 | 14.91 || 1062 I 15.09 || 1335 I 14.24 
470 2 | 14.90 936’ I 14.54 |} 1068 3 14.55 || 1345 I 14.14 
477 2 | 14.48 || 953 I | 14.41 || 1076 3 | 14.43 || 1347 I | 14.85 
491 3 | 14.46 970 I FACES) || TsO 2 | 15.20 || 1390 5 14.55 
507 ii 14.20 972 I 13.82 || 1163 I 15.11 || 1393 I 15.10 
553 I | 14.99 || 977 | 2 | 14.39 || 1164 I | 15.11 || 1304 I | 34.72 
554 I 15.48 978 I 15.20 || 1165 2 14.52 || 1405 I 14.82 
588 I 13.84 985 2 15.09 || 1166 I 14.71 || 1422 Dil TAL2O 
608 2 | 14.70 987 I TSeO7i||) LEZO I 14.22 || 1423 2 14.34 
671 I 13.80 088 I 14.55 || 1171 I 14.61 || 1424 2 TARee 
674 I 14.70 || 1013 A \et4e20) | tise I 14.81 || 1425 Boe Wri cess 
731 I | 15.06 || 1014 5 | 14.44 || 1183 2 | 14.11 || 1449 I 13.97 | 
743 I 14.95 || IOS 2 | 14.145) 1285 2 | 15.00 || 1450 I 14.45 
761 I 14.30 || 1016 3 14.57 || 1192 I 16.01 || 1453 I 14.81 | 
785 4 | 14.34 
[Zone b=0° to—5 Mean Diurnal Motion =14.57° + 0.045. 
32 I 13.99°|| 458 35 |) 14200 7| 5 882 I 14.78°|| 1063 E ree a 
34! 2 14.72 489 3 14.52 807 2 14.92 || 1093 Z, HEeO 
38 I 15.24 672 I 14.80 918 2 14.19 || 1280 I 15.02 
36’ Ze earon 673 I 13.80 924 I 15.38 || 1308 I TAL77 
BOLG Zt et Ae26 719 5 | 14.40 925 I 14.99 || 1290 I 14.18 
Se 1) | 84087 4|, “733 I | 14.62 || 934 4 | 14.56 || 1333 I | 14.33 
52, | 5 | 14-75 || 732 | 2 | 14.24 || 945 | 2 | 14.95 |) 1334 I | 14.00 
53 I | 14.73 || 749 Tl T4sgt |) O54 I. | -34:54.|) 19375) or | tqag 
55 5 | 14.68 751 I 14.60 055 I 14.14 || 1383 I 15.19 
87 2 | 14.66 703 Ay | ate 971 2 | L419") Tar 2 i TAGS 
217 I 15.12 828 I 14.73 9073 2 14.86 || 1392 I 14.34 
225 I 13.88 850 2 15.34 9074 I 15721409 I 14.72 
230 Ze e237, 870 I 15.20 975 3 14.65 || 1407 2. | TAS56 
264 I 15.18 880 I 14.64 976 2 | 14.75 || 1408 5 14.58 
315 I 15.84 881 I 14.50 || 1059 I 15.39 || 1448 I 15.05 
361 I 14.30 
[Zonerc=)5" to 10°. Mean Diurnal Motion= 14.50° + 0.027.] 
{ 
| 
I 3 | -14.74°|| 183 I | 13.55°|| 447 3 | 14.07°|| 572 I | 14.34° 
19, 2 14.84 184 I 15.45 448 I 14.22 ahi 2 14.24 
V 3 14.62 381 i 15.84 450 I 14.42 578 2 14.24 
37 3 14.37 382 I 14.30 451 I 14.78 670 I 14.70 
78 PI || Ase 386 I 13.69 452 I 14.42 693 I 14.37 
82 I 15.13 407 I 14.98 456 3 14.76 702 2 14.64 
106 I 14.40 415 I 14.60 552 2 15.01 703 2 | 14.40 
132 5 3-70 422 I 14.79 S71 I | 13.97 704 2 | 14.49 


FROM THE MOTIONS OF THE CALCIUM FLOCCULI. 


41 


TaBLe 2. Diurnal Motions Corresponding to each Five-Degree Zone—Continued. 


[Zone ¢=5° to 10° 


Mean Diurnal Motion=14.50° + 0.027.—Continued.] 


Diurnal Diurnal Diurnal | Diurnal 
No. Days.| motion, No. Days.| motion, No. Days.| motion, No. Days.| motion, 
sidereal. sidereal. sidereal. sidereal. 
721 I 12.91°|| 904 3 14.44°|| 1057 I T4557-| || 1222 2 13273" 
722 I 13.51 gi2 3 | 14.47 || 1085 I 14.55 || 1223 I 14.92 
726 2 | 14.49 921 2 | 14.57 || 1104 Ace at Aen! leTeamis 2) eae 
740 2 |, TARSO 922 ZETA PEST I 14.97 || 1220 Die TAc08 
758 I 13525 920 2ST AGO) Gis. I 14.57 || 1224 2 \eT4s79 
760 I 14.15 928 BY ACAI | sae I 13.87 || 1227 2 | 15.28 
762 I 14.98 047 I 14.27 || 1154 P| aiictere) tll) ae I 14.93 
768 I 14.30 948 I 13.46 || 1172 2a T4e7Or |p 287 I 14.93 
776 I 14.10 949 I 14.95 || 1178 I 14.51 || 1242 2 | 14.06 
779 I 14.59 963 I 12.79 || 1181 2) |PT4eom i255 I 14.11 
784 4 | 14.53 982 2 | 14.70 || 1182 1 |\PE4e4aw P1256 PI || Tig 8%) 
822 I 14.64 984 2 | 14.34 |) 1189 I 14.11 || 1274 I 14.79 
823 I 14.82 996 2 | 14.38 || 1199 ri 14.71 || 1275 I 14.67 
825 I 14.36 || 1017 2 14.30 || 1200 I 15.44 || 1291 I 14.88 
826 I 14.45 |} 1018 2 14.57 || 1201 2 14.89 || 1293 I 13.98 
822! I 14.73 || 1031 I 14.72 || 1202 I 14.50 || 1341 I 14.95 
843 4 | 14.70 || 1032 I 15.24 || 1203 3) | 142827 1342 I 14.24 
861 I 14.52 || 1033 3 14.42 || 1204 B 15.12 || 1436 I 14.58 
862 I 15.14 || 1037 I 15.03 || 1205 I 15.44 || 1440 Ty jataeos 
872 I 13.99 || 1038 I 14.83 || 1209 3 14.25 || 1441 I 14.45 
873 3. | 14.17 || 1044 2 | TAO) li) £210 3° | 14.76 || 1452 I 14.21 
801 2 14.28 || 1046 I 14.65 || 1213 2 | 14.390 || 1454 I 15.18 
903 2 14.76 || 1050 I 14.06 
[Zone d=—5° to —10°. Mean Diurnal Motion= 14.55° + 0.030.] 
| | 
27 3 14.42°|| 364 I 14.39°|| 750 I 15-39°|| 10903 2s s5On 
36 2 14.62 365 I 13.69 Gale I 14.49 || I116 2 14.82 
35 Be let ero7 387 I 13.52 792 PAIS) ||| anizie 2) \e04567; 
51 5 14.69 304 I 13.69 7905 2 14.27 || 1130 I 14.50 
an 3 | 14.93 417 I 14.44 805 I 14.21 || I141 i 15.07 
7)! I 14.78 418 I 15.08 829 I 15.4% || 1167 I 14.52 
50 2A ISOS 457 I 13.54 841 27 914682" |Er1o7 I 14.60 
75 2 14.03 459 3 14.03 866 I 15.05 || 1198 I 14.50 
109 Zeit ARs 2 401 I 14.31 876 3 | 14.15 || 1234 I 15.16 
138 6 | 14.58 468 I 13.81 878 I 13.80 || 1236 I 14.93 
168 4 | 14.64 469 i 13.54 883 I 15.20 || 1241 2 | 14.25 
168’ A NaiAe7s 487 2 | 14.52 || 804 2 | 14.43 || 1251 Za TAROZ 
165’ B 14.52 488 2 14.52 896 2 14.54 || 1270 I 15.02 
165 I 14.06 514 2a STAnsO 943 2 | 15.00 ||| 1272 I 15225 
228 ti 14.46 522 2 | 15.10 |} 964 I 15.48 || 1289 2 ease 
232 3 14.72 520 I 14.24 969 I 14.23 || 1298 I 14.38 
242 3 14.48 530 2 14.87 990 2 14.64 || 1321 I 14.30 
258 I 14.87 531 2 14.60 || 1026 3 15.00 || 1326 I 14.22 
250 I 14.42 615 I 14.56 ||} 1052 I 14.98 || 1355 2a | ntse0o 
261 I 15.03 631 I 14.06 || 1058 I 14.37 |\\| 1377, Be TAcOu 
304 Be erso2 634 I 13.98 || 1065 I 14.16 || 1378 2 | 14.01 
314 I 14.41 635 I 13.89 || 1069 Py atl A750) | Te I 14.91 
316 I 14.12 644 I 13.69 || 1073 I 14.96 || 1380 I 15.85 
347 By WN Tine 677 I 15.00 || 1074 2 ELS. 20n| ieee A |) sie 
356 3 | 15.19 |} 733 I | 14.62 || 1075 4 | 14.41 || 1305 2 | 14.65 
357 4 | 14.13 || 748 3) || 14k08 ||) 107% DT yolse7u |ier4o4 DB || wage 
358 4 | 14.16 744 2 TALS7 |i L077. I 14.76 || 1427 I 14.74 
362 I 14.30 745 2 | 14.20 || 1092 2 | 14.09 || 1432 | 3 200) 
363 I | 14.20 746 2 Use 02 
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TABLE 2. Diurnal Motions Corresponding to each Five-Degree Zone.—Continued. 


[Zone e = 10° to 15°. Mean Diurnal Motion = 14.34° + 0.024.] 
Diurnal Diurnal Diurnal Diurnal 
No. | Days.| motion, No. | Days.| inotion, No. | Days.} motion, No. | Days.}| motion, 
sidereal. sidereal. sidereal. sidereal. 
ml Ba WAed2e ll S50 Tt Vieh5-20-1| 902 £ \ql4.25° |) 76 Lela Ol. 
5 Pe at for? 507 2 R13. 50 QI5 I 13-00 || 1177 I 14.61 
4! I 14.38 581 PN Se g16 I 14.75 || 1184 2 14.19 
yf 4 | 14.42 641 I no 657) gIQ I 14.75 ||| §207 I 15.44 
33 2h NI Ginlesgfes 675 I 13.70 895 I 14.58 || 1211 3 T4e37, 
BM! He || Gaeies 604 I 14.03 929 L |) 2e27oall seen 2 rAt04 
42 I WARE 605 I 14.60 935 4 | 14.40 || 1221 I 14.20 
42! A | TwAi® 699 2 14.54 037 2 | 14.31 || 1226 I 14.69 
44 BM 16 7(6) 724 I 13.92 950 I 13.87 || 1230 I 15.30 
44! ZAG A 725 4 | 14.02 ||} 1005 2 esso7 ese I 15.05 
50’ I 13.93 737 3 14.20 || Io19 2 14.62 || 1233 I 14.01 
71 I 14.58 738 I 13.51 || 1020 2 | 14.30 || 1249 ye || nis: 
78! 2 14.71 7390 u 14.23 || 1049 8 14.69 |} 1253 2 14.12 
84 ons 2,7 (Pig I 14.42 || 1051 I 13.55 || 1254 2 | 14.05 
129 3 14.10 704 I 14.98 || 1082 & 14.08 || 1257 2 14.64 
185 I 13.99 765 I 14.20 |; 1083 3 14.77 || 1268 I 15.02 
223 2 14.63 767 I 14.20 || 1084 3 14.21 || 1269 I 14.45 
233 I 14.82 780 I 14.49 || 1094 A, =| 1320911] £282 I 13.76 
252 2 14.61 781 2 14.41 || I115 Z 14.31 || 1292 I 14.48 
253 A. | T4s15 782 2 Tazo |) 1158 2 | 14.08 || 1299 Poe | BOR) 
268 3. | 14.79 || 783 2 Vat Ae3O || E25 2 ages i 1328 |) ale7i 
289 4 14.12 || 786 BS 14.52 || 1135 I 13.19 || 1344 I 14.24 
344 3 14.06 || 790 2 13.87 || 1145 I 13.87 || 1384 I 15.10 
405 il 14.89 7908 I 14.21 || 1149 2 | TA Oba) Taek I 13.40 
406 I 14.98 || 807 I TAGS | TES 0 B 14.79 || 1428 I 14.48 
412 I 15.28 || &2 I 14.45 || 1152 4 14.40 || 1429 I 14.18 
414 I 14.70 | 869 I 14.20 || 1153 3 | 14.08 || 1431 I 14.58 
429 I 14.51 871 I 14.61 || 1161 2 14.64 || 1438 I 14.33 
428 I 15.38 874 5 14.30 || 1162 I 13.93 || 1439 I 14.57 
409 I 13.54 || 901 I 14.25 || 1173 2) | RAeAGe rasa I 14.21 
548 I 15.27 
| | 
[Zone {==—10° to —15°. Mean Diurnal Motion = 14.39 + 0.020 .] 
18 2 14.26°|| 248 6 14.96°|| 373 I TSoE 7 ses I 14.70° 
26! I 14.41 249 I 12.98 374 I T4067; ||, S860 4 | 14.60 
54 A, \eE4es 7 251 A | 14533 420 I 14.60 508 4 | 14.41 
60 2 14.01 || 260 I 15.32 467 I 14.13 555 4 14.01 
61 4 14.14 263 is 15.32 468 I TSeSbe Wes: 3 14.09 
64! I 13.97 265 I 14.06 474 I 14.13 585 I 15.70 
79 2.) 43-74 | e207 3 | 14.69 || 483 5 | 13.97 || 586 3 | 14.01 
92 Zt AnO7 298 3 | 14.88 484 5 13.87 587 2) etaeo8 
99 E \:54:67-1r .304 3 | 13.62 || 485 S| 13.84 589 I | 15.39 
OF 1b __-23505 11) 305 3 | 14.42 || 486 3 | 14.27 || 592 3 | 14.45 
103 3 13.97 311 I 13.84 500 25> | Tacs 596 I 14.80 
116 2 TAT 326 I 13.74 501 3 |) T4632 632 I 14.19 
124 5 14.14 330 I 15.26 505 I 15.34 633 I 14.09 
133 4 | 14.31 353 4 | 14.26 || 512 2 | 14.50 || 636 I | 14.09 
I4I 3 | 14.40 || 354 | 3 | 14.61 |] 515 | 2 | 14.30 || 630 I | 14.19 
142 I 14.63 355 3 14.52 516 2 13.80 640 I 14.40 
163 5 14.55 360 3 | 14.44 519 I 14.09 650 I 13.79 
145 I 12.78 367 I 14.39 523 I 12.99 654 I 14.70 
164’ 3 15.01 368 I TaeeS 524 I 13.98 669 I 14.80 
IQI I T4036) “372 I LAa77 533 2 | 14.05 678 " 14.80 
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TABLE 2. Diurnal Motions Corresponding to each Five-Degree Zone.—Continued. 


[Zone f =—10° to 15°. Mean Diurnal Motion= 14.39° + 0.020.—Continued.] 
Diurnal Diurnal Diurnal || Diurnal 

No, | Days.| motion, No. | Days.| motion, No. | Days.| motion, No. | Days.] motion, 
sidereal. sidereal. sidereal. sidereal. 

682 Bern 22 7832 254.87" ||| 067 I 14.56°|| 1079 I 13.97° 
OGO! 121 15.06 833 5} 14.30 968 Za eTASs On |ertne 6 | 14.63 

705 2 | 14.49 839 PD | izes 981 I 13.99 || 1142 I ase 7 
709 2 | 14.49 840 2 \eEALO= 986 By | woes Mi) aisiigs I 14.86 
710 2 \14e4o 840! I 15.01 991 4 | 14.35 || 1168 I 13.83 
711 2a TACZO 844 2 | 14.86 992 2a TAasSall ator I 15.01 
712 2 14.69 845 I 14.32 993 2 14.34 || I195 3 14.67 
713 2 | 14.64 846 I 14.73 904 2 | 14.20 || 1239 2 | 14.16 
714 z 14.35 848 I 14.42 995 2 | 14.14 || 1240 24 \"13583 
741 I 14.02 851 3 14.48 || I00r I 14.89 || 1264 I 14.01 
747 2a |e Boh 852 3) EAS Te || 1003 I 13.96 || 1265 2 | 13.90 
754 I 15.39 860 I 14.87 || IoIO 2 | 14.69 || 1266 I 15.03 
769 I 14.49 868 I 14.87 || 1028 I 14.21 || 1267 I 13.70 
771 I 14.69 875 4 | 13.87 || 1029 I 14.21 || 1294 I 14.48 
774 2 14.48 884 I 14.92 || 1039 I 14.62 || 1300 I 13.98 
775 213206 885 I 14.08 || 1040 I 14.41 || 1327 I 14.22 
813 I 14.92 886 I 15.06 || 1053 I 14.57 || 1349 I 14.24 
815 I 13.61 892 I 13.80 || 1054 I 14.37 || 1381 2 | 14.46 
816 I 14.54 893 2 | 14.43 || 1064 2 | 15222. ||| 13206 2 | £4.65 
8i7 I 14.30 QI7 I 14.88 || 1066 I 14.52 || 1307 I 14.00 
818 I 15.01 044 2 | GeO || kOO7 3 14.90 || 13908 i 15.10 
819 2 | TAcAs 946 I 14.14 || 1070 I 13.50 || 1412 I 14.38 
830 2 erase 966 2 a PASTS alll O72 I 14.47 || 1444 I 14.33 

[Zone g=15° to 20°. Mean Diurnal Motion = 14.18° + 0.028.] 

23 Aaa |:TA200=|||ae20 I 15-20) 707 I 14.31°|| I140 I 14.57°| 
46 4 | 14.15 338 I 14.34 808 I 13.60 || 1146 I 14.07 
58’ I 15.47 330 4 14.28 809 I HILIC) ip str ¢ I 14.07 
70 I 14.58 380 I 13.15 810 I iene |) tetas I 12.94 

77 I 14.58 492 2 14.59 863 3 14.56 || 1179 I 14.71 | 
68 B 14.26 493 I 14.68 900 I 14.01 || 1186 I 14.21 
83 5 IZ O)7/ 404 I 14.68 905 I 14.75 || 1188 I 14.11 
a7! TAGS 7, 497 I 14.46 906 I 15.20 || 1212 2 \ 13.48 
89 P| ee oii 506 I 13272 913 I 13.74 || I219 By || Bas 
90 4 13.88 509 2 13.56 938 3 14.46 || 1206 2 14.64 
101 2 13.81 510 2 13.65 939 BS 14.50 || 1225 I Teak 

108! 5 13.55 565 I 14.27 940 4 | 14.08 || 1252 2 | 13.73 | 
108 2 | 1342 566 I 13.95 g5I I 14.95 || 1258 I 14.42 
118! A) Ba)5y7 570 Bi 1 BOK 952 I 14.95 || 1309 2 Vierde28 
III 2 | 14.40 613 I 13.96 979 I TA ||| ne I TAL2T, 
112 2 13.89 614 I 14.27 || 1042 2 14.85 || 1313 I 14.57 
TOS! a2 | 85.27 642 I 14.09 || 1043 PMN SAAS ia I 14.37 
143 I 14.21 700 2 TAR Sa | TOSS I 14.26 || 1317 I 14.57 
134 I 14.20 723 I 14.22 || 1056 I 13.96 || 1318 PN sles 
208 I 14.40 728 I 13.92 || 1081 3 14.27 || 1319 2 14.14 
236 2 4e72 720 I 13.31 || TIO 2 TAeGOn| pr 325 I 13.68 
240 2 14.87 730 2 13.89 || 1102 4 | 14.42 || 1338 I 13.94 
241 PN vieial a 736 I 14.32 || 1103 2 | 14.04 || 1340 I 14.04 
254 |) T3273 759 I | 14.60 || 1107 4 | 14.33 || 1348 1 | 33.04 
244! 2 | 13.68 766 I 14.78 || 1108 2 | 13.62 |} 1401 2 | 14.35 
273 4 | 14.01 778 I 14.40 || 1123 Ae ete O: NLA wz Ao lei370 
281 5 13.72 787 2 14.30 || 1126 2 13.68 || 1418 3 14.04 
301 4 | 14.38 788 2 | YA-av i 1134 I 14.07 || 1420 I 1375 
306 3 14.13 789 2 | 93205) W=Ti38 I 14.38 || 1426 2 | 14.44 
319 I | 14.67 || 704 HP raes si rn39 1 | Sae57 mage | Sr | age70 
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TABLE 2. Diurnal Motions Corresponding to each Five-Degree Zone—Continued. 


[Zone h=—15° to —20°. Mean Diurnal Motion = 14.32° + 0.031.] 
Diurnal Diurnal Diurnal Diurnal 
No. Days.| motion, No. | Days.| motion, No. | Days.| motion, No. Days.| motion, 
sidereal. sidereal. sidereal. sidereal. 
14 I | 13.78°|| 256 4 | 13.84°|| 563 4 } 13.55°|| 849 3} 1457" 
15 2 aeso 257 I 14.94 573 I 14.88 tele ecegemmnl rsl77/ 
26 T 4) o2554) 262 T5270 583 TB) 13R38 864 T | |aige23 
47! A Ae? 266 I Tee7i 584 I 14.51 867 I 15.14 
49 3. | 14.64 271 I 13.80 590 I 14.33 870 4 || "a3 
a7") 2 || 13320 || “276 5 | 14.08 || 504 I | 13.93 || 890 4 | 14.40 
62 4 | 14.66 280 5 | 14.08 607 2 | SAe50 887 2.) TAOS 
62! I 13.65 283 3 14.42 603 I 14.61 965 I 13573 
79! Beal caer 284 3) 1) 13868 611 I | 14.10 || 1002 I 14.52 
80 PA | Tigi) 290 2 | 14458 637 I 13.79 |} 1004 I 14.80 
40! PEN aie ofl 291 2 aAes7 655 I 14.30 || IOII 2 il Fay 
tale) at 13.50 292 2 14.58 658 I 14.50 || 1025 I 14.41 
113 2) 13880 310 I 14.02 668 I 14.80 || 1027 I 14.52 
114 2a TAS 329 4 | 14.09 679 2 | TAS7T || ROA I 14.52 
136 Pe Wiley 331 4 | 14.04 680 2 | 14.52 || 1048 2 | 14.48 
150 B 13.84 333 I 14.92 681 3 13.93 || 1078 I 13.44 
150’ PN Gifigisyal 345 8 13.66 683 2 |) Ter nro4 3 | 14.62 
156 2 | 15:84 }| 346 3 | 14.060 684 2 | TSera i) 296 2 WaeAz 
155 2 leiae2s 301 I 13.42 689 I 15.29 || 1261 Zi TAGE 
TEOMA | 1382s 303 I 13.24 715 z 14230) ila 7k I 14.67 
174 I 15.11 473 I 14.67 716 2 Nl EASsG a n273 I 15.13 
175 rT 13.86 481 Bd aiZAG Ko) 718 2 | 14.68 || 1288 I 14.48 
176 I 14.15 482 By aletaasa 734 I 14.13 || 1324 2; || Tanne 
21 I 14.40 490 ay | lisa 752 I 13.8i || 1350 I 13.74 
BED I 14.50 513 2 13.85 753 if 14.38 || 1413 I 13.83 
219 2 14.21 528 I 14.09 755 I 14.60 || 1433 I 14.18 
226 6 14.25 520 I 13.67 831 2 14.35 || 1434 I 14.58 
235 2 14.36 525 2 14.14 834 I 14.36 || 1442 it 14.45 
238 S | 14.10 i 534 2 \ 14:36 jy 835 I | 14.64 || 1443 I | 14.09 
239 I | 14.74 || 550 3 | 14.34 || 837 4 | 14.57 || 1445 I | 13.85 
245 Ap || Gitleghe) 561 2) WRAASO 838 5 | 14.390 || 1447 I 14.69 
247 2 | 14.49 562 I 14.62 
| 
[Zone 1= 20° to 25°. Mean Diurnal Motion = 14.16° + 0.038.] 

3 B 14.59°|| 224 2 14.23°|| 6096 I 14.14°|| 1174 I 1272" 

6 2 )| T4620 231 I 15.65 697 I 14.26 || 1175 I 14.01 

4 2 14.71 275 4 13.66 756 I 14.72 || 1225 I BS.7 1 
29 2 | 14.49 336 Toe tALO 7; 757 I 14.60 || 1259 I 14.31 
30 2 | 14.06 337 I 13.56 763 I 14.59 || 1260 I 14.72 
30! I 14.66 340 I 12.04 777 2 | 13.38 || 1283 I 14.56 
20! I 14.66 375 I 13.81 791 B® 14.03 || 1305 I 13.29 
83! I 13.65 376 if 14.59 803 I 14.21 || 1307 I 3.27 
go! B 13.80 377 I 14.59 806 I 14.11 || 1310 2 bAAS7 
Oe lie ai 13.87 383 I 14.67 goo I 14.01 || I3II I 14.27 
118 Ow t3202 384 I 13.81 908 I 13.61 || 1314 I 14.17 
110 4 | 14.18 3890 I 13.90 926 I 14.31 || 1320 2 | 13.88 
80! 2 14.57 495 3 14.10 O41 2 14.60 |] 1328 I 13.34 
rt, 2 14.25 408 I 13.89 942 2 14.95 || 1330 I 13.01 
135 3 | 13.91 541 3° || 23:72 |) 980 2 | 13.84 || 1346 I | 14.34 
17 I 14.57 540 2 13.91 || 1089 I 14.00 || 1385 2 14.05 
139 2 i Asen 582 2 A 05.76 | eanro 3 13.86 || 1386 2 | Tae 
140 3) lenseat 540 3 04.25) | 027 2 i 1As07 |irae7 Pe) | arek7/0) 
140! I 14.76 612 I 14.56 || 1128 2. We 13207. lleress Pia TERI) 
206 3 4 13.03 621 I 14.77 || 1144 I 13.08 || 1402 I 15.00 
214 3 14.44 676 I 15.10 || I150 2 | 14.06 || 1389 2 14.40 
215 3 was 
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TaBLe 2. Diurnal Motions Corresponding to each Five-Degree Zone.—Continued. 
| eS eae 


[Zone j—=—20° to —25°. Mean Diurnal Motion = 14.12° + 0.042.] 
Diurnal | Diurnal Diurnal Diurnal 
No. Days.| motion, | No. | Days.| motion, No. | Days.| motion, No. | Days.| motion, 
sidereal. | sidereal. sidereal. sidereal. 
Il I 12,67°|| 102! ZV e400 FI ¥Ab2 3) 443") 065 I 13.90° 
22 e 12.07 160! I 13.94 463 I 14.22 666 I 13.90 
47 Be vae7d 160 Be hs. 24 502 I 14.35 667 Te A-A0 
45 2 |) if leaite) 180 I 13.86 503 I 14.55 691 I 14.71 
Ee) 3 13.63 187 I 14.48 536 I 14.39 692 I 14537 
50/ 2 | 14.00 188 I 13.55 543 2 | 14.39 700 2 eras 
63/ 23209 189 I | 14.06 Sor ell aeiete) 717 2 | 14.40 
65 3. | 14.07 190 4 13.73 597 2 | 14.15 836 4 | 14.45 
69 3 13.40 237 5 14.18 598 2 | 14.50 847 I 14.64 
74 3 | 14.66 239 I 14.74 604 I eis) 856 2 tAee7 
60! 2, | TA.43 246 AM wAZAg 605 I 12.30 858 I | 14.34 
80! E |) 54,03 207 3. | 14.69 606 I | 14.40 859 I 14.70 
60! I 14.18 269 I 13.86 648 I | 14.51 865 TOM ET Aar7: 
94 A | I4,12 270 3 14.32 656 I 14.40 888 I 14.50 
95 4 | 14.08 278 2 | 14.19 657 I 14.90 889 I 14.22 
97 6 13.91 279 Ze LAL52, 661 I 14.00 || 1117 2 T3268 
96! 4 | 14-42 274 Zz \ TA.67 662 I | 14.30 || 1296 I | 14.78 
97’ I 13.97 332 I 14.64 663 x 13.90 || 1297 I 14.68 
102 4 14.00 392 I 12.53 664 I 14.30 || 1400 I 13.69 
115 2 | 14.04 
[Zone k=25° to 30°. Mean Diurnal Motion = 13.74° + 0.062.] 
a | 3 «| 13.64°|| 221 2 | 13.00°!| 542 2 | 13.81°|| 0927 Y | 14228 
6/ DT TAO7 Mi 222 ZN T2. 50 575 I | 13.24 || I0o1 Te se 20) 
181 I 13.55 334 I 14.07 685 ZINTA 5 ell L1Z0 Py || jay ley 
195 I 13523 335 I 13.14 687 2 14.43 || 1286 I 13.53 
190 I 13.46.|| 517’ I 12.75 698 tee | £40332 Tal tana 
199 if 13.36 532 3 14.27 803 I 14.21 || 1332 I 13.78 
200 2B \-%33075]1 530 3 | 14.10 804 I | 14.00 || 1409 { N04 27, 
213 LZ \-13-40 550 Tela. 909 3 | 13.69 || 1410 jh a es 
220 ZEN T3537 1 | i| 
[Zone 1=—25° to —30°. Mean Diurnal Motion = 13.95° + 0.082.] 
So 2 12.6121) 171 Ad \TAOS 47% I 14.09°|| 651 I 13.79° 
8 F fazer | 177 I 15.30 508 I 14.02 652 I 13257 
16 NES SA | 194 I 14.48 504 I 15.34 659 I 13.80 
16/ 2 | 13.19 || 186 I 13.60 537 2 | 14.30 660 I 14.30 
pr Ns 13.09 || 250 2 13.96 538 I 14.10 707 2 | 14.88 
BB \ 5 1 £4.35 || 255 2 14.29 544 2 13.98 770 2 13.60 
Ag i 9| 14,62 || 203 2 14.98 545 ZL ALTO 857 I 14.52 
67’ | 4 | 14.39 || 204 2 | 14.73 || 540 2 | 13.29 || 13090 | 2 | 14.15 
7. IP 4 14.33 || 388 I 11.53 || 616 I T2500 |\| alae 13.83 
152 | E310!) AG5. 9 |, 1 13.81 || 617 | 1 | 13.56 | 
[Zone m= 30° to 35°. Mean Diurnal Motion = 13.60° + 0.0609. ] 
197 I | 13.55° | 686 2 | 13.88°|| 1023 2 13.35°| 1323 I ie yelp 
209 I 13.82 | I 13.60 || 1090 I 13.53 || 1329 I | 13.89 
288 2 14.57 | 802 I 13.60 || 1263 I 13.60 || 1356 3 | 13207 
517 2 | 13.40 | 1022 2 | 12.82 || 1285 I | 12.73 || 1357 3 | 13.99 
569 I | 13.43 a See yi We 
[Zone n==30° to —35°. Mean Diurnal Motion = 13.79° + 0.124.] 
64 | 14.26°|| 1 4 | 14.10°|| 464 t | 13.81°|| 626 Tel i282 
Gal : oe | i 2 | 14.96 466 I 12.76 | 653 I | 13.98 
TU |i 2 13.90 | 170 I 13323 (piroye |) Ee 14.29 | 1406 Dy \\ ie} 2s 
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DISTRIBUTION AND AREAS OF THE FLOCCULI. 

No very minute flocculi were measured in this investigation. The best- 
defined points, which showed the least change from day to day, were selected 
for measurement. In many cases these points were chosen in the outlying 
portions of large groups of flocculi; in others they represented the centers 
of smaller compact masses. In all cases, however, the measures relate to the 
coarser flocculi. They therefore afford no evidence as to the motions of 
those minute flocculi, not exceeding a second of arc in diameter, which are 
shown on the best plates obtained with the Rumford spectroheliograph or the 
5-foot spectroheliograph of the Mount Wilson Solar Observatory. 

The approximate distribution and area of the principal flocculi on the Sun 
during the period of this investigation were determined as follows: The 
globe, as already stated, is ruled with meridians and parallels 1° apart, the 
10° lines being strengthened.. In the squares thus formed, 10° on a side, 
the areas of the flocculi were estimated by counting the number of 1° 
squares covered by them. A sample record for the first plate is given below. 


TABLE 3. 
Longitude. 
Tatitude: East of central meridian. West of central meridian. 
—30 to—20|—20to—10] —r10too oto10 10 to20 | 20 to 30 Total in 
zone. 
40° to 30° 3 7 9 F 3 3 fe) 25 
30 20 4 II 17 Pe 4 8 2 46 
20 10 2 4 8 5 : 3 I 19 
10 fe) 4 4 I & 4 I 2 16 
Ss 
— 
0° to —10° 6 2 & 5 3 I I 18 
=i —20 7 3 4 = I 14 5 34 
—20 —30 4 4 14 1? 10 10 590 
aa oO — 40 0 I 5 T 2 6 LS 
East. West. 


Only a limited area of the globe was used, but the results obtained from 
the considerable number of plates employed should be fairly representative. 
The last column of the above table gives the total area of the flocculi in each 
Io° zone. In table 4 these results are brought together, and the grand total 
for each zone is given. These totals have supplied the data for platting the 
curve shown in fig. 4. The curve at the opposite limb of the Sun on this 
plate shows the number of the flocculi in the various zones measured in 
determining the rotation periods. The scale of the ordinates of this curve 
is I inch to 250 points measured. 

It should be remembered that in view of the varying density and contrast 
of the plates, and the great range of brightness of the flocculi, such estimates 
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of areas are necessarily very rough. They may serve, however, to give an 
idea of the distribution of the flocculi measured, and the approximate area 
occupied by them. 


N 


Distribution of pownts 
wm flocculi measured for 


covered by flocculc. 


S 
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TaBLe 4. Areas of the Flocculi. 


Plate | +4°| +30] +29 -+10|} o |—10|—20 | —30 
No. to to to to to to to to 
+30 | +20 +10} 0 ||—z0|—20|—30]—4o 

2401 | 25 | 46 | I9 | 16 || 18 | 34 | 59 | 15 
PF 2AOTs ecdtal cirarel eaters later Heerete arevecalliste sel eres 
2421 | 20 | 33 | 44 18 || 21 [108 | 40 | 8 
2429 | 16 | 51 | 66 | 29 || 76 (163 | 83 | 9 
2442 | 7 | 31 | 67 | 25 || 77 |221 | 57| 8 
2452 | 5 | 15 | 84/ 21 || 80 [238 |140 | 14 
2405 | 2 | I9 |125 | 22 || 64 |214 |108 | 15 
ZAT OAM OW ZONLSS) SES a O2)1232 7745 
2482 | 7 | 15 \112| 12 || 58 |186 | 79 | 14 
2AOON eS NTL EON elo EO) |"OOnlm 7 
2501 | I | 22 | 94} 55 || 31 | 43 | 38] 7 
2521 | 5 | 37 |109 | 44 | 40 [114 | 29| 8 
ZEAZN eT MEZO AZ TS i Onle7o.| 23) | k 
Zo COMO 2AueAT se 225\|e02) 207) 7351) 0 
ZEOONmer E25) ess) 22 one 7 iA 2 
2569 | © | 11 | 39 | 28 || 13 | 66 | 16 | 17 
2580 | 3| 9] 5] 6] 24 |108 | 63 | 22 
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3204 


3207 
3211 

3214 
3216 
3218 
3221 

3223 

3228 
3232 
3239 
3241 

3245 

3247 
3253 

3258 
3265 

3272 
3279 
3284 
3286 
3293 

3295 

3300 
3303 

3308 
3310 
3315 

3319 
3320 
3326 
3333 
3338 
3348 
3354 
3355 
3306 
3374 
3382 
3388 
3394 
3398 
3405 
3411 

3417 
3424 
3429 
3439 
3441 
3447. 
3453 
3450 
3462 
3464 
3467 
3473 
3476 
3479 
3481 
3488 
3493 
3498 
3503 
3507 
3509 
3516 
3528 
3533 
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DISCUSSION OF THE RESULTS. 

The mean values of the diurnal motion for each zone of 5°, with the com- 
puted probable errors and the weights, are brought together in the following 
table. The weighted means for corresponding zones in north and south 
latitudes, together with their probable errors, are also included. 


TABLE 5. 
@ North. Weight. South. Weight. Weighted mean. 
5 a g 

Oontogse 14.72° +0.031 156 14.57°+0.045 103 14.66°+0.026 
5 10 14.50 .027 196 14.55 .030 202 14.52 .020 
10 15 14.34 .024 208 14.39 .020 323 14.37 .o1€ 
15 20 14.14 .025 222 14.30 .028 240 14.22 O19 
20 25 14.13 -035 143 14.11 .038 144 14,12 .026 
25 30 13.74 .060 51 14.03 .073 66 13.90 .049 
30 35 13.64 .073 26 13.93 .120 20 13.76 .007 


A comparison of these results with those of Carrington, Spoerer, and 
Maunder for spots, Stratonoff for the faculze, and Dunér and Halm for the 
reversing layer (iron lines), is given in fig. 5. Numerical comparisons are 
also given in the following pages. Before proceeding to these comparisons, 
it should be remarked that the large proper motions of the calcium flocculi 
must always stand in the way of very accurate results, unless a much greater 
number of observations than those here included are available. 
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50 THE ROTATION PERIOD OF THE SUN AS DETERMINED 


As the result of a long series of Sun-spot observations, Spoerer derived 
the following empirical formula, as best representing the diurnal motion of 
the spots in any latitude: 

E = 8.548° ++ 5.798° cos 

Computing the values of é corresponding to ¢ = 2.5°, 7.5°, 12.5°, etc., and 
comparing the results with those we have obtained for the calcium flocculi, 
we have: 


TABLE 6. 

j Seay | “Wioceell.. || areas 

é spots, 

Owitonse 14.34° 14.66° 0.32" 
& 10 14.30 14.52 0.22 
10 15 14.21 14.37 0.16 
15 20 14.08 14.22 0.14 
20 25 13.90 14.12 0.22 
25 30 13.69 13.90 0.21 
SO" 435 13.44 13.76 0.32 


According to Spoerer’s results, it would thus appear that the flocculi move 
more rapidly across the disk than the spots. The gain in 24 hours, taking 
the mean without regard to latitude, is about 0.2° 

However, this conclusion is not borne out by Mr. and Mrs. Maunder’s 
extensive investigation of the Greenwich Sun-spot measures for the two 
complete cycles 1879-1901." The results of this investigation, for the zones 
covered by our observations, are given in the following table: 


TABLE 7. 

é oe Focal See 
{3 spots. 

Za 14.61° 14.66° 0.05° 
Fok 14.50 14.52 0.02 
12.5 14.44 TALG7, —0.07 
17.5 14.38 14.22 —0.16 
22s 14.14 14.12 —0.02 
27.5 13.78 13.90 0.12 
3205 14.07 13.76 —0.31 


Stratonoff’s study of the solar rotation is based upon the measurement of 
the heliographic positions of facule photographed at Pulkowa, during the 
years 1891-94." Wilsing had previously investigated this subject, with the 
aid of photographs made at Potsdam in 1884, and found for the facule a 
velocity of 14.27° in 24 hours, constant for all latitudes. This unexpected 
result caused Bélopolsky to attack the problem. Although he measured only 
a small number of photographs, he was able to detect the fact that the 


*“The Solar Rotation Period from Greenwich Sun-spot Measures from 1879-1901.” 
Monthly Notices, June, 1905. 

* Stratonoff : be Sur le Mouvement des Facules Solaires.” Mémoires de l’ Académie 
Impériale des Sciences de St.-Pétersbourg, VIII Série, 1806. 
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facule in high latitudes rotate in a longer period than the spots at the equator. 
Stratonoff, with a much larger amount of material at his disposal, undertook 
to determine the law of rotation of the faculz as a function of the latitude. 
2,245 measures were made of 1,062 faculz on 234 plates. As it was never 
possible to follow a facula more than four days from the limb, the measures 
were necessarily made on the least favorable part of the solar surface. In 
spite of this fact the following very satisfactory results were obtained. Our 
corresponding values for the flocculi are given for comparison. 


TABLE 8. 
No. of No. of Facule 
) North. obser- South. obser- Facule, means. Flocculi, means. minus 
g vations, é vations. é flocculi. 
O@ to 52) | e64.622. OTR 258.5; Pee eS 14.62°+0.127° | 14.66°+0.026° |—0.04° 


5 IO | 14.61 BOM (ut 4-032 9 14.61 +0.061 14.52 +0.020 0.09 
EO) 5) |) 14.34 125 14.26 67 14.31 +£0.044 14.37 +0.016 |—0.06 
rs 20° | 714.714 IIo | 14.21 124 14.18 +0.036 14.22 £0.019 |—0.04 
2025 eA 2 124 14.17 137 14.19 +0.036 14.12 +0.026 0.07 
25 30 13.97 109 14.20 IOI 14.08 +0.040 13.90 £+0.049 0.18 
30— 35 1113.50 15 13.65 34 13.60 +0.059 13.76 +0.067 |—0.16 
OS ea wwilty, dl saa sedlageeeer 13.61 24 T3sOT et OVOGO. “les ecctesnce sereme cso. 


It appears from the table that the observed differences in the daily motion 
of the faculz and flocculi are of the same order as the probable errors, except 
in the higher latitudes, where the observations are few and the results 
uncertain. 

Let us now consider whether the daily motion of the flocculi decreases at a 
uniform rate in passing from the equator toward high latitudes. For com- 
parison, we also include Stratonoff’s results for the facule. The quantities 
in the columns Aé are obtained by subtracting the value of € for each zone 
from the value of é in the zones +5° —5°, which we take as the standard 
velocity. 

TABLE 9. 


Facule. Flocculi. 


North. South. Mean. } North. South. Mean. 
Ag Aé Aé Aé Ag Aé 


EOMTOe |) <OF0L- 4 O:0l | OLOl~ -O.TO! 1 OorT 
TOM as (12-0528 0.36 0.31 0.32 0.27 0.29 
15 20 0.48 0.41 0.44 0.52 0.36 0.41 
20° 25 0.41 0.35 0.43 0.53 0.55 0.54 
2oem 30 0.65 0.42 0.54 0.92 0.63 0.76 
2006 35 Babe 0.97 1.02 1.02 0.73 0.89 
BSA! Whee me 1,01 EOL lereone Sols cealcceee tr 


It thus appears that the acceleration is very nearly uniform. Indeed, the 
entire series may be fairly well represented by a straight line, since the 
larger deviations can be given little weight, as they correspond to zones in 
which few observations are available. 
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An interesting investigation of the rotation period of the Sun, based upon 
the motion of large groups of faculz, is that of Wolfer.* He found that 
during the period in question (1887-90) there were two persistent groups 
of facule, of great size, on the Sun, about 180° apart in longitude. Each 
group showed a gradual increase in longitude, which continued during the 
entire period. As the longitudes were based upon Spoerer’s mean daily 
value of 14.2665°, derived from observations of the spots, it follows that the 
facule were moving more rapidly than the spots, if we may assume that 
Spoerer’s mean daily value can be depended upon. Maunder’s results, how- 
ever, as already remarked, throw doubt on this point and the question can not 
at present be regarded as settled. 

Let us now compare our results for the flocculi with those of Dunér for 
the reversing layer. Dunér’s determination of the solar rotation was made 
by measuring the double displacement of two iron lines, A 6301.72 and 
d 6302.72, referred to neighboring telluric lines. The radial velocities found 
for different latitudes therefore represent the motion of the iron vapor in 
the reversing layer. Dunér’s observations correspond to the latitudes 0.4°, 
15.0°, 30.1°, 45.0°, 60.0°, and 75.0°. In order to obtain velocities corre- 
sponding to the mean latitudes of our zones, Dunér’s formula II, adapted 
from Spoerer’s formula for the spots, has been used.” The values of é have 
thus been obtained by substituting 2.5°, 7.5°, 12.5°, 17.5°, 22.5°, 27.5°, and 
32.5° for ¢ in the formula: 


€ = 8.564° + 6.153° cos 


TABLE I0. 
[ @ Reversing layer. | Flocculi, means. | Reversing layer 
minus flocculi. 
Onto, 52 1470 14.66° 0.05° 

5 10 14.66 14.52 0.14 

10) »i5 14.57 14.37 0.20 

TSe E20 14.43 14.22 0.21 

20 25 14.25 14.12 0.13 

25 30 14.02 13.90 0.12 

205. 35 13.75 13.76 —0.01 


So far as can be judged from this comparison, in all latitudes excepting 
the highest, which is of low weight in the flocculi determinations, the 
reversing layer gives higher velocities than the calcium flocculi, the average 
difference in the value of € amounting to about 0.014°. Since the corre- 
sponding difference in the case of Spoerer’s spots is about 0.2°, and of 
opposite sign, the Sun would appear to have a gradually increasing rotational 
velocity in the order spots, faculz and flocculi, reversing layer, were it not 
for Maunder’s results. 


“A. Wolfer: “Zur Bestimmung der Rotationszeit der Sonne,” V. J. S. d. giirch. 
naturforsch. Ges., Bd. 41. 
* Astronomische Nachrichten, No. 30094. 
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It is an interesting question whether the apparently greater velocity of the 
iron vapor in the reversing layer, as compared with the facule and flocculi, 
is genuine. The average results of Halm’s observations, covering the period 
1901-06, would point to a contrary conclusion. They are given in the 
following table, extracted from his more complete table in Astronomische 
Nachrichten, No. 4146. 


TABLE II. 
, No. of Dail | : No. of i 
L ily T 0.0 Daily 
¢ ateciee: orp ; motion. @ metals eee Tepe 
Bene ZLOAZE aa TOS 14.55° 2iAG 1.856 *™- 43 14.19° 
6.6 2.032 69 14.56 24.5 1.788 55 13.98 
9.4 2.002 65 14.44 27.6 1.755 53 14.09 
12.4 1.972 44 14.37 30.7 1.657 41 13.72 
15.6 1.952 55 14.42 33-3 1.596 45 13.59 
18.4 1.907 64 14.31 30.4 1.5601 51 13.81 


These results differ decidedly from Dunér’s, especially in the lower lati- 
tudes (see fig. 5). It may be added, however, that an unpublished series 
of measures by Adams, covering the period June 1906 to February 1907, 
gives results in very close agreement with Dunér’s, up to a latitude of 45°. 
Beyond this point the reductions are not yet complete. The very high pre- 
cision of Adams’s measures lends great weight to his confirmation of Dunér’s 
results.” 

We do not attempt to discuss here the unsettled question of a possible 
variation in the rotational velocity of the Sun, indicated by Halm’s measures 
for 1901-02 and 1903. The apparently high accuracy of Halm’s results 
appears favorable to his conclusions, but it must remain for the future to 
prove whether such variations actually occur. 

It can not be said from the comparisons given above that a systematic 
difference of velocity of various classes of solar phenomena has been demon- 
strated. So far as the flocculi are concerned, no very general discussion of 
their motions could be based on the restricted materials now available. We 
are both engaged in work with powerful instruments, which furnish larger 
solar photographs, much richer in detail and better suited for measurement 
than the Kenwood plates. We accordingly expect to return to this discussion, 
with the advantage afforded by a longer series of better observations. A 
more general consideration of the problem of the solar rotation, and a more 
accurate estimate of the weight to be attached to measurements of the 
velocity of various classes of phenomena, should then be practicable. 


4 Since this paper was put in type the following articles on the solar rotation have 
appeared in Contributions from the Mount Wilson Solar Observatory, Nos. 20, 24, and 25. 

Spectroscopic Observations of the Rotation of the Sun. By Walter S. Adams. 
Astrophysical Journal, XXVI, November, 1907. 

Preliminary Note on the Rotation of the Sun as Determined from the Displacements 
of the Hydrogen Lines. By Walter S. Adams. Astrophysical Journal, XXVII, April, 1908. 

Preliminary Note on the Rotation of the Sun as Determined from the Motions of 
the Hydrogen Flocculi. By George E. Hale. Astrophysical Journal, XXVII, April, 1908. 
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FUTURE STUDIES OF THE SOLAR ROTATION. 
A general attack on the problem of the solar rotation calls for the co-oper- 
ation of several observatories. It should include: 


(1) Further investigations of the motions of individual spots, closely con- 
nected with: (@) simultaneous determinations of their level, made 
with the spectroheliograph; (0) their appearance at and near the 
limb (visibility of umbra, etc.), also bearing upon the question of 
level; (c) their spectra, including general absorption, and relative 
intensity of lines,“ bearing on their temperature and level; (d@) 
measures of the solar activity, particularly in the zone occupied by 
the spots in question. 

(2) A continuation of Maunder’s work on spot motions. 

(3) A continuation of Stratonoff’s work on the motions of the facule, 
using such means of increasing contrast as will permit the inclusion 
of facule near the center of the Sun. 

(4) Investigations with the spectroheliograph on the motions of (@) the 
bright regions photographed with the H, or K, lines; (6) the Hy, 
or K, calcium floceuli; (c) if possible, the H, or K, dark calcium 
flocculi; (d) the hydrogen flocculi; (¢) the iron flocculi, and those 
of other gases. 

(5) A continuation and extension of the spectroscopic work of Dunér and 
Halm, on the motion in the line of sight of the reversing layer at 
opposite limbs of the Sun. This investigation, which would neces- 
sarily require the co-operation of several observatories, should pro- 
vide for the employment of certain lines in common by all observers. 
It should also involve the use, by each observer, of certain additional 
lines, chosen so as to include: (@) a considerable number of lines in 
the spectrum of at least one substance; (0) lines representing ele- 
ments of high, meditm, and low level; (c) lines enhanced in the 
spark, and those strengthened at low temperatures. 

(6) An investigation of the motion in the line of sight of the lower 
chromosphere (or reversing layer), through spectroscopic observa- 
tions of the relative displacements of brigh? lines at opposite limbs 
of the Sun. 

(7) A determination of the motion in the line of sight of quiescent promi- 
nences, in various latitudes and at various heights above the limb. 


\ 


SUMMARY. 

This investigation of the motion of the calcium flocculi has led to the 

following conclusions: 

1. The rotation periods for different latitudes show the existence of an 
equatorial acceleration, similar to that previously observed in the case 
of Sun-spots, facule, and the reversing layer. 

2. In approximate terms, the acceleration varies uniformly with the 
latitude. 

3. The average daily motion of the calcium flocculi is of the same order as 
that of the spots, facule, and reversing layer. The differences among 
the rotation periods obtained by various observers are so marked that 
no definite conclusions can yet be drawn as to the relative velocities 
of these different phenomena. 


* See Hale, Adams, and Gale. “Preliminary Paper on the Cause of the Charac- 
teristic Phenomena of Sun-Spot Spectra.” Astrophysical Journal, October, 1906. 
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